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ananthaayaa api samyoga:thasya ananthaanaam api 
ekonacchedaa mamsa saadbyam Sarvathraapi samaanam eva... 
Thus the sum of an infinite series, whose later terms (after 
the first) are got by diminishing the preceding or by the same 


divisor, is always equal to the first term divided by one less than 
the common mutual divisor, 


‘When all the facts on the development of mathematics as a 
branch of knowledge, both in theoretical and applied field, put 
together one can understand that there are many novel and 
entirely original contributions of ancient Indians, just like afew 
of which are presented here. Many more are yet to see the light. 
‘These are the basis of Indian mathematical heritage, not merely 
the discovery of Zero and Pythagorus Theorem! 


CHAPTER VI: INDIAN CONTRIBUTIONS 
TO ASTRONOMY 


Navagrahas are part of Indian astrology which have a strong 
base of mathematics and astronomy. Many of the fundamentat 
Principles and calculations of astrology follows the astronomical 
concepts precisely. However the prediction part of astrology has 
nothing to do with the astronomical sciences. There is a 
misunderstanding that astrology and astronomy (the subject in 
its modern and ancient sense) are not related. Calculation: of the 
Positions, movements, velocity, etc, of planets used in astrology 
have a direct bearing on astronomy. Important points relating 
astrology and astronomy i.e the positions of planets are 
specifically calculated on the basis of astronomical knowledge. 
Both astrology and astronomy are known as Jyothishain Sanskrit, 
Which is the fifth Vedanga of the vedic related literature. For 
some people, Jyothisha means only ‘astroloy". Thus formed the 
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misunderstanding that there is no science in Jyothisha. Modern 
concepts of astronomy can only be searched in the Jyothisha fn 
its sanskrit meaning) books. Each and every astronomical 
calculation given in these books is based on mathematics ang | 
they have a perfect and sound scientific background too. The | 
ancient Indian scholar Suryayajvan has defined astronomy thus, | 

"Calculation of time, planets, spherical bodies, cele] | 
spheres, rotation and revolution of planets, position of earth, 
etc, are explained in astronomical mathematics". In short 
astronomy means these subjects. 

‘Thus, asitis said in modern science, astronomy is nothing 
but applied mathematical studies of celestial bodies, so has been 
said in ancient Indian astronomical books too; for a perfect 
understanding of celestial bodies, knowledge of mathematics is 
essential: says Jishnu Nandana: 

"Only that mathematician who is an expert in spherics 
knows the path of planets, ive astronomy. If one knows other 
than this, how can he understand the movement of planets" 
(Jishnu Nandana referred in Neelakanta's Aryabhateeya 
bhashyam - 33p) 


afoaat atest wheat oem fester 

at afi aicareat arnt went a aay 2 
Ganithajno golaino golajno grabagathim vijaanaathi 
yo ganitha gola baahyo jaanaathi grahagathim sa hatha 


An astronomer's qualification has been given 1500 years 
ago in India by Varahamihira. He clearly gives the Indian 
approach to astronomy as a branch of applied mathematics: 


waved (Gi) deduce: ait afer wae a 
wait arnt @ vert: Te 
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Samamandale (khaa) sampravestavelaa: harothi yoarkasya 
thathprathyayam cha janyathi jaanaathi sa bhaskara: samyake 

Oneis fit to be called an expert astronomer only if he knows 
the problem dealing with the Sun crossing the prime vertical 
and prove his method mathematically and graphically. 
(Panchasiddhantika 4.36) 

Quality of this definition is in no way inferior to that given 
by modern science. In astrology the Sun, Moon, Venus, Mercury, 
Mars, Jupiter, Saturn, Rahu and Ketu were considered as Grahas, 
which is wrongly translated as planets. Pethaps the use of the 
word graha might have done with a meaning ‘that is holding or 
influencing’. Real planets are separately classified in ancient Indian 
astronomy. One chapter of the Panchasiddhantika and Sishyadhi 
veuddhi Tantra, exclusively deals with the real planets which are 
called Tara grahadhyaya, In this class Sun, Moon, Rahu and Ketu 
are not included as planets. In all astronomical books - both 
theoretical and practical explanations real planets are mentioned 
as Mars, Mercury, Jupiter, Saturn, Venus and Earth. In 
Aryabhateeya, Tara graha word is used only for the real planet. 
Itis important to mention here the status of Rahu and Ketu, 
Lallacharya's famous book Sishyadhi vryddhi Tantra, written 
1200 years ago says about the superstitions on 'Rahu' and its 
‘role’ in eclipse. This mention is made in the 20th chapter namely 
‘chapter of superstition’ (Sishyadhi vruddhi Tantra 20-21) 

at af aren gat fradtfieredife + or a 

afr sei a wat cepa fet wast | 
Asuro yadi maayaya yutho niyathoathi grasatheethi the matham 
ganithena katham sa labbyathe grabakrutho vinaa kathanjana 

If Rahu the artificial demon is always the cause of an eclipse 
by swallowing (The Sun or the Moon), then how is it that an 
eclipse can be determined by means of calculations. Moreover 
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why is it that there is not an eclipse on aday other than the day 
of new moon or full moon. 


Thus the Rahu concept as a planet, had nothing to do with 
ancient Indian astronomy. There is no mention of Rahu in 
Aryabhateeya. In Pancha siddhantika and Bhaskaracharya's work, 
"Rahu' is used to refer to the earth's shadow. In these books the 
parameters related to Rahu have been determined using 
mathematical calculations, Few astrologers attribute the qualities 
of Rahu and Ketu to Neptune and Pluto, which is neither 
astrology nor astronomy. 


There is another impression that in India, all the planets 
are given divine zeal, as it is described in puranas and they are 
worshipped. It is true! Even the earth has been personified as 
goddess and given the status of mother, so are the celestial bodies 
given divine status. But no astronomical calculations have a 
bearing on this divinity while looking for the scientific 
measurements. Only in the first stanza, of the astronomical books, 
the authors bow the gods and the celestial bodies, before they 
are explained scientifically. Similar approach was common in 
all general books written in ancient India and towards all branch 
of knowledge. Hence an attempt to reject the excellent scientific 
heritage in Indian astronomy on the above grounds, will be 
tantamount to ignoring the great Indian scientific contributions. 
As for the spiritual approach towards the celestial bodies 
Aryabhatta says thus: 

we & wie ge yy ee Ee eT 
wre ariuetae Frefr qgagteatiny ary 
Brahma ku sasi budba bbrugu ravi kuja guru kona bhaganaan 
namaskruthya aaryabhatasthviba nigadhathi kusumapure 
bhyarchitham jnaanams 
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Having bowed with reference to Brahma, Earth, Moon, 
Mercury, Venus, Sun, Mars, Jupiter and Saturn and the asterisms, 
Aryabhatta sets forth the knowledge honoured in Kusumapura. 
(Aryabhateeya 1-1) 

‘This is a perfect example of the adoration of the divinity 
onall the celestial bodies. Those who have studied this book can 
never say that it contains spiritual explanations on planets. The 
scientific definition and character of the planets are given by 
Nilakanta in his commentary to Aryabhateeya (4-5): 

aa armed gai ada yfrect wengqat 7 
aed ea Ser, 
Jnaatha bhogagraham vruttham sarvathra prathimandalam 
kakbbyaarouthham cha thathhulyam jneyam bhogapradesagam 
Know that all planets are spherical. And also know that it 


revolves in the eccentric (pratimandalam) orbits which are equal 
to circular orbit of planets. 


TNT Tot weet: | 
Grrr aie arfaftadl gat: 11 
Panchamahaabhootha mayasthaaraagana pancjare mahigola: 
kheayaskaanthastho yoaivaa vasthitho vruthba: 


In the group of great celestial bodies, all planets made of 
Panchabhootas, exist in the space, like a magnet attracts a piece 
of iron, from all sides. (Panchasiddhantika 13-1). 


Panchabhootas are solid, liquid, gas, ionic state and 
probably wave nature of particles). These are two among a 
variety of explanations given by the Indian scientists on planets 
and celestial bodies. They could also distinguish clearly the stars 
and planets. 


aati ties: _af aeaterariesr: | | 
wrest fe gad qieafacifam: 11 | 
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‘Thejasaam golaka: sooryo grabarkshaanyambugolakaa: 

prabhaavantho bi drasyanthe sooryarasmivideepithaa: 

Due to the powerful light from the Sun, the. planets also 
appear as shining, in the space. Due to this light (reflected from 
the planet) we see the planets. (Neelakanta bhasyam to 
Aryabhateeya 4-37). 

‘There is a misunderstanding that ancient Indians have said 
that Venus and Mercury are stars. It is wrong! Clear explanations 
are given that they are considered as inferior planets, as in modern 
astronomy. Because their orbits fall within the orbits of earth 
around the Sun, About superior/inferior planets Aryabhatta says: 


wart rt safer yt 
Sanigurukujeshu mandaadardhamrunam dbanam bbavathi poorve 


In the case of superior planets, Saturn, Jupiter and Mars, 
first apply the mandaphala negatively or positively 
(Aryabhateeyam 3-22) 

Superior planets are those which have orbits outside the 
orbits of earth, around the Sun. This line informs us that the 
positions of the above planets around the Sun and also correction 
factors to be applied were known while determining different 
parameters on their revolutions around the Sun. Similarly 
scentific approach in giving correction factors for the inferior 
planets (i.e. Mercury and Venus) was also existed, even from the 
period of Aryabhatta I 


Some Scientific definitions and graphical figutes in 
‘Astronomy: 

In modern astronomy, definitions and pictorial 
representation of the zodiac are given with many scientifc terms, 
Similar representation were given in the ancient Indian astronomy 
too. A few examples are cited here to show that the modern 
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astronomy and Indian astronomy approached the celestial studies 
jn similar pattern. 

Day radius according to modern astronomy is the small 
circle parallel to the celestial equator. A small circle parallel to 
the celestial equator is known as diurnal circle. The Sun's diurnal 
circle is the small circle parallel to the ‘equator when the Sun is 
described in the course of a day. Earthsine is R sine of the arc of 
a diurnal circle intercepted between the local horizon and 6 0! 
clock circle. The 6 o' clock circle is a great circle of the celestial 
sphere which passes through east and west points of the celestial 
horizon and the poles of celestial equator. Equinoctial horizon 
is the horizon of a place on the equator. Ascensional difference 
is defined by the arc of celelestial equator lying between the 
equatorial horizon and the secondary to equator passing through 


the intersections of the diurnal circle and eastern or western 
horizon. 


Exactly the same explanation, methods and definitions were 
followed in the ancient Indian astronomy too. Determination of 
these parameters is also described with perfect clarity. Eight types 
ofcircles known to modern astronomy have been described with 
definitions by Indian astronomers. Vateswara in the gola part of 
the Vateswara siddhanta, described them in detail, Earlier to 
Vateswara, Aryabhatta I has also given definitions and 
explanations to some of these astronomical terms and parameters. 
Vateswara's approach was highly systematic and further 
commentary is not required, for understanding. 
Vateswara's definition for the celestial and terrestrial circles: 
From the earliest siddhantas to the latest ones, many 
astronomical parameters have been described and mathematically 
calculated for understanding the celestial phenomena. One 
chapter is fully devoted to such astronomical definitions by 
Acharya Vateswara. Those definitions and their modern 
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equivalents are quoted. The definitions on construction of the 
Atmillary Spheres known as Gola are given in the third chapter, 
Chapters 1-4 of Vateswara siddhanta deal with definitions of 
celestial circles: 


Urdbvamadbo apara poorvamibaadyam praaburidam 
samamandalamanyath thadvadibotthara dakshinadikstham 
vrutthayugam vidisorapi thadvath 

Vertical circle passing through the west and east cardinal 
points is the first circle: this is called the samamandala. (This 
circle is the prime vertical. Another similar vertical circle (called 
the yaamyottara-vrutta) which passes through the north and south 
cardinal points is called the meridian. 

‘Two vertical circles (called drg vrutta), similarly pass 
through the intermediate cardinal points (.e north east and south 
‘west, north west and south east points) 

area a sagen aaqerra eft fiafrst aang: 
afer, wae, waRiferriffaart weat saenieqgeaeat 
Aaveshtamaanamatha thaani dalapravruthyaa 
yadvrutthamathra harijam kshithijam thadaahu: 


yasmin bhaveth samudayasthamayo akbilaanaam 
praachyaam kramaadaparadisyudu kbecharaanaam 


The great circle which goes round them, dividing each of 
them into two equal parts, is called harija or kshitija. ‘This in 
modern astronomy is horizon. This is the circle on which rising 
and setting of stars and planets take place towards east and west 


respectively. 


Tainfafeerrirass meme: vere: afro 
dara angrrt deaqsvedt feat: eaqisqart 
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Poorvaaparaksbithija sangamayorgathamcha yaamyaadadha: 
palalavai: kshithijaadvi lagnam 
sournyaadathopari samadruvamarga samstha munmandalam 
dinaniso: kshayavruddbikruthaath. 

Passing through the two points of intersection of prime 
vertical and horizon, lying below the south cardinal point by 
the degrees of local latitude, fasterned to the horizon, and lying 
above the north cardinal point, passing through the north celestial 
pole, is the Unmandala, the cause of decrease and increase of the 
day and night. This in modern astronomy is known as the 6'0 
lock circle. 


watt meaning 4 a geet foedhrerierry | 
waogeratt aeeqh wet sine aera wrieraRy 11 


‘The vertical circle which goes through the planet is the 
drunmandala. (in modern terms this is known as the planet's 
vertical circle). Vertical circle that passes through the central 
ecliptic point which lies three signs behind the vilagna is 
Drikshepavrutta. (It is the rising point of the ecliptic) 

According to Vateswara the above eight circles which are 
graduated by the divisions of signs and degrees on the Khagola- 
known as sphere of the sky. 


weattrar cfrorifart wa(ayearet tater | 
rerefary agar agRM TAM Teer artery 
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e asterisms lie within the sphere of the 
sky. Gane g ze sphere of asterisms which lies towards 
the south of the zenith by an amount equal to the degrees of 
local latitude and towards the north of nadir by the same amount 
and which is graduated with the division of nadis is the 
vishuvadvrutta. This circle is called the equator. 


amie quiiterarearn, Gra TTT | 
Tefmeyrifias ater yea wierd 1) 
Yaamyottharam vratthamibaanyadetha dviveshtamaanam 
kujavath samanthaath thaddakshinodagdbruvayornibaddhaa 
yashtirdbruvaa bhooscha bhagolamadhye 

Surrounding it on all sides like the horizon is another great 
circle of this sphere called the meridian, Fastened to north and 
south pole, equator is polar axis which is fixed in postions, In 
the centre of sphere of asterisms lies the earth. 


Points of Aries and Libra and lying 24 degrees of the south (of 
equator) atthe first point of Capricon and 24 degrees to the north 
(of equator) at the first point of Cancer, there is a great circle 
called the apakrama vrutta (now known 25 the ecliptic) 


Tame 4 faire fave a FRNSTM: 11 
Paathaagrahaanam cha vilomagathyaa 
incchanaadyaa: 


Fastened to the so called nadivrutta or the equator at the 


vimandale sve mrugalaa 


‘The Moon, the planets and their nodes, move on their own 
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orbits which is called the vimandala. It is known as the orbits of 
the planets and celestial bodies. 


were Asan t4 ager wafer | 
pier wRET tet aes Sees whee 1 
Kakshyaavruttham nadikaavruttha gathyaa 
deyam thaduadyaamya soumyam thathaanyath 
bhoojasthithyaa kraanthivruttham cha thadvath 
thasminkendre svocchaneeche yathokthyaa 
Inthe plane of equator fix a circle equal to the planets orbit. 
This is the equator in the sphere of a planet. Similiary fix the 
meridian and also another circle in the plane of the horizon (each 
equal to planet's orbit), Similarly fix the ecliptic. Here the planet's 
orbit is known as kakshyavrutta, 


ret TAT Yate efrdaget | 
Taira wt aera sihrat ae: HT EM A 
Unmandele lagnamapakramaagre pooraspare dakshina soumya vrutthe 
nathaamsakaisthad bbrama vrutthamuktham 
‘yomoukasaam uyasthamatha: prabhaa syaath 


‘The small circle which is fastened to the eastern and western 
halves of six o' clock circle at the distance of the planet's 
declination, from the equator and to the meridian at the distance 
of degrees of the planet's meridian zenith (distance) from the 
zenith is called the circle of the planet's diurnal motion. 


sft Tepieerpaqaiatatifrt 1 
Terr qed paegaragrenienstin: 11 
Harije parapoorva mandala dyujyaavruthha visesha sinjinee 
R sine of the arc of the horizon lying between the prime 
vertical and the diurnal circle of the planet is the R sine of agra 
a1 
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(now known as the rising point of the planet) and the R sine of 
the degrees of diurnal circle lying between six o' clock circle and 
the horizon is bhoojya (bhujya) which is termed as Earthsine. 


orenignfarctat: careaatsiar wearer, 1 
sorte eft Freer, Gay, WERT aT, 1 
Vyaasaardhavruttheantharamethayo: syaaccharaardha jeevaa 
parapoorvayosthath agraagrayoryad harije nibaddbam 
soothram grahaanaamudayaastha samjnam 

The arcual distance between the six o' clock circle and the 
horizon measure, along the R circle trijyavrutta known as great 
circle of the celestial sphere, supposed to be of radius 3438” 
(minute of angle) is the charardhajya. Itis called the R sine of the 
Ascensional difference. A thread tied to the extremities of the 
agra on the eastern and western halves of the horizon is called 
the udayaastasutra, (In modern astronomy it is known as the 
rising - setting line of planets). 


pragarmagereeet wera: (afeaifet eT) | 
(errata) @ (ct) H(a) fat) eT TET () 
preayeares Ya | 
Praachyaambsjaspabrama rst F 
lagnamaahu (parithoast m) (lagnaadl ta) 
erie si (ra) rl rian stha Sea A bhooyaath 
Point of intersection of horizon and the ecliptic in the 


eastern half of the celestial sphere is called praglagna, Te. the 
rising point of ecliptic; the same in the western half is called 


astalagna, known as setting point of ecliptic. 

forge wafefiaferrarert geaqet Ter areal 
ene ematohsaaTA | 

smn saadirat Facer: Weare aT wea AT: 
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SPR TT For eT: FAT 
Digurutthe samadigvidigiaaualaye drukshepa vrutthe thathaa 
khamadhyaga khaga kshoneejayoranthram bhaagaa 
unnathasamjnithaa nathalavaa: thathkhangka bbaagaantharam 

sarvathraiva naraa: samunnatha gunaa drugiyaa nathajyaa: kramaath 
Whether the heavenly body be on the prime vertical or on 

the intermediate vertical on the drkshepa vrutta or on the 
meridian or on any veritical circle, the distance in degree between 
the body in the sky and the horizon gives the degrees of altitude; 
and 90 minus this degree measurement gives the degrees of the 
zenith distance. In all positions of the heavenly body, they are 


called nara i.e Rsine of the altitude and drugjya which is R sine 
of zenith distance. 


There are many scientific definitions given in the ancient 
Indian astronomical books which are exactly the same in the 
corresponding terms of modern science. Some more of the ancient. 
Indian astronomical definitions, terms and their modern 
astronomical equivalents are given below as glossaries: 


Akshajya Reine of latitude A 
akshakarna _—_equinoctial midday shadow B 
akshakoti colatitude B 
akshachapa —_—_arc of latitude B 
akshamsa lattitude of the place B 
akshonnati —_ inclination of the earth's axis B 
asita measure of moon's unilluminated part V 
astarka Sun's position at the time of star's 
heliacal setting 
agra (1) amplitude of the rising or Rsine of that A. 
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agra (2) the arc of celestial horizon lying 
between the east point and the point 
where a heavenly body rises, or 
between the west 


point and the point where a heavenly 

body sets B 
apakrama — declination A 
apamandala A 
adhva eae of place from meridian 
ardhajya Rsine A 
astamayodayasutra _rising and setting line A 
ativakra midst of retrograde motion B 
ahoratrardhavishkambha day radius A 
avanama zenith distance B 
astalagna setting point of the ecliptic B 
ayanachalana precision of the equinoxes B 
udayajya the rising point of planet's orbit B 
utkramana R verse of sine A 
uttarayana Sun's northward journey from 

winter solistics to summer solistics A 
unnatabhaga degrees of latitude A 
unmandala equatorial horizon A 
kakshyamandala mean orbit of planet A 
kalardhajya Rsine difference in terms of 

angle minutes A 
kuavarta rotation of earth A 
kshitija horizon A 
kshitijya earthsine. The distance between 

the rising setting line and the line 


joining the point of the intersection 
of the diurnal circle and six o' clock 
circle A 
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cshitijaa canticias rm 
kshepa celestial latitude A 
konamandala intermediary vertical circle L 
krantimandala ecliptic L 
ghanabhoomadhya centre of earth A 
chandroccha apogee of moon A 
chara Ascensional difference, it is 


defined by the arc of the celestial 
equator lying between the six 'o 


clock circle and hour circle of a 

heavenly body at rising B 
chayabhramana the path of the last point of the 

we B 

Jeevabhukti true daily motion derived 

mathematically B 
tamovishkambha diameter of shadow A 
taragraha real planets A 
akshavala deflection due to latitude A 
dyudalasanku Rsine altitude at midday L 
drikshepa ecliptic zenith distance A 
drukshepa shortest arcual distance of the 

planet's orbit from the zenith. 

It is also used for the Rsine of 

distance A 
desantara the longitude of the place. It is 

also the distance of local place 

from the prime meridian or the 

difference between the local and 

standard times B 
desantra karma correction of the longitude for 

the place 
drkshepamandala vertical circle through central 

ecliptic point 
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drkchaya 
drggati 


drggola 
drngmandala 


dhyujyamandala 
natajya 
nakshatra divas 
neecha 

palabha 
purvaparasutra 
paramapakrama 


parallax 


Ercol ecliiie between the Sitges 


the moon and central ecliptic 


point 
visible celestial sphere 
visible vertical circle 
diurnal circle 
Rsine of the zenith distance 
sideral day 
perigee 
equinoctial shadow 
east-west line 
greatest declination, obliquity of 
ecliptic 
Rsine of greatest altitude/ 
meridian altitude 
graphical representation 
retrogression 
rising point of ecliptic 
right ascension 
locus of shadow 
orbit of asterisms 
shadow circle 
sphere of earth 
terrestrial day 
diurnal circle or day circle 
mean planet 
Rsine of the zenith distance of 
the meridian ecliptic point 
longitude of the planet minus 
longitude of the planets apogee 
declination of place of planet 
on ecliptic 
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mandagatiphala 


nati 


natakala 
natakalakotijya 
natakalajya 
nadivalaya 
neechochharekha 
valana 


vikshepa 
vishuvat 
samamandala 
sankvarga 


suddhi 
sphutakranti 
sphutavikshepa 


sphutamadhya 
sphuta 


correction to mean motion 

of planet 

meridian zenith distance. Celestial 
latitude as corrected for the 
Parallax in latitude 

hour angle 

Rosine of the hour angle 

Raine of the hour angle 

celestial equator 

line of apses 

deflection related to an eclipsed 
body. It is the angle subtended at 
the body by the arc joining the 
north pole of the ecliptic. The 
akshavalana is the angle subtended 
at the body by the are joining the 


rere 


north point of the celestial horizon 


and the north pole of the equator. 
Ayanavalana angle subtended 
at the body by the arc joining 
north pole equator and ecliptic 
celestial latitude 

equator 

prime vertical 

distance of planet's projection 
on the plane of horizon from 
rising setting line 

mean heliocentric position 
declination of planet's centre 
celestial latitude corrected 

by parallax 

true mean planet 


true planet 
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A: Aryabhateeya of Aryabhatta I, B: Mahabhaskareeya of 
Bhaskaracharya I, L: Sishyadhi vruddhi Tantra of Lallacharya, 
V: Vateswara siddhanta of Vateswara. 

“These parameters were determined with the sound suppor, 
of mathematics and experimental proofs. Exciting inference on 
the observational skills can be obtained when searched through 
the astronomical instruments used by Indians. More than a 
hundred instruments used by them are discussed in Sanskrit 
books. Using these instruments various parameters were 
calculated as given below. 

Day radius: Vateswara gives the following calculation in 
Vateswara siddhanta (3(4) - 1) for getting the day radius: 


Kraanthijyaa vargonaath trijyaxvargaath padam dyjeevaa syaath 
thrijyaakraanthijyaanthara samaasaghaathasya moolam waa 
Day radius is equal to the square root of the difference 
obtained by subtracting the squares of R sine of the declination 
from the square of the radius or the square root of the product of 
the difference and the sum of the radius and the Rsine of the 
declination. This explanation can be mathematically summarised: 
If0 be the declination then day radius = R cos @ 
Where R = 3437 44” and R cos @ = ¥ (R. (R sin 6)? 


Here radius is taken in radians of the angle in minutes which 
is the same as the modern value obtained from 360 x 60 + 3.14. 


Day diameter and Colatitude : By the diurnal rotation of the 
earth on its axis, the Sun apparently moves round the earth every 
day in a circular pathway. This circle is called the diurnal circle 
or day circle and its diameter is the day diameter. 
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aa 
¢ fei ferera: 11 
Vishuoajyaa ayaa mardba varga vislesha moolamavalambaka: 
kranthithrijyaakruthyo rantharapadam dvigunam dinavyaasa 
Square the sine of latitude and deduct from the square of 

the radius. Its square root is the sine of the co-latitude (its arc 
being the co-latitude), Square the sine of the declination deduct 
from the square of the radius and find its root, Twice the result 
isthe day diameter. (Panchasiddhantika 4.23) 
Relations between day radius and earthsine: 


Kraanthi thribbaantharajyaa dyujyaa vaa charadalaje 
bruthaathrijyaa ksbith jeevaghnaa suaaboraathraardbajeevea va 
Raine of the difference between the three signs and the 
delination is also equal to the day radius. Day radius multiplied 
by earthsine and divided by the R sine of the Ascensional 
diference gives the day radius. (Vateswara siddhanta 3(4)3), 
Day radius = Rsin (3 signs - 0 = R x earthsine/R 
(Ascensional difference), where 1 sign is 30 degree and 0 is che 
angle of declination. 
Division of zodiac: Method of dividing the zodiac into 360 
degrees was well known, to Indian scholars. Even the 
measurement of degree minute and seconds for angular 


dimensions have been taken from Indian system. 
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Sixty vikala is one kala, and 60 of that is one bhaga, 30 of 
that is one rasi and 12 of that is the Bhagana, which is zodiac 
(Suryasiddhanta 1.28). 

‘The angular equvalent: Vikala is second, kala is minute, 
bhaga is degree, rasi is sign and bhagana is zodiac in modern 
astronomical terms. 

Sun's prime vertical : Vateswara's definition for prime vertical 
is the same as the modern definition: 
seimiprierd wet asa 
Teherrehemiered gqarepi fate Ter | 
Urdluamadbof aparapoorvamihaadyam praaburidam 
samamandalamanyath thadvathihottharadakshina dikstham 
vrutthayugam vidisorapi thadvath. 

Vertical circle passing through the west and east cardinal 
points is the first circle called samamandala or the prime vertical 
(Vateswara siddhanta Gola. 3-1,2). 

In Mahabhaskareeya (3-37, 38) the method for determining 
the Sun's prime vertical altitude and zenith distance are given as 
follows: 
weep at wi safastat eq aracreasament wy | 
eae a wefan Weta ae the Sat CRRA 11 

TT BE YT: WER: CM SAAS 
aptorepeide farad ae wT 
Sphutaravi bhujanighnam yaam paraam kraanthi jeevaam 
harathu samavalambajyaa kalaapena bhooya: sphutadivasakaraagraa 
saa yadaakshamsaheenaa ravirapl yadi gole chotthare 
lambakaghnaamakshajyayaa hared bhooya: sanku: syaath samamandale 
thadvargavyaasakruthyoryad vislesham thathpadam prabbaa. 
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Multiply R sine of the Sun's greatest declination by the R 
sive of the Son's trae longitude, then divide by the R sine of 
colatitude. Result is the agra of true Sun. When that is less than 
the latitude and when the Sun is in the northern hemisphere, 
multiply the Sun's agra by R sine of the colatitude and then divide 
the product by the R sine of latitude. The result is R sine of 
Sun's prime vertical zenith distance. 

The Sun's agra is the amplitude of the Sun at rising and 
setting lines. R sine of the Sun's agra is equal to the distance 
between the east-west and rising lines, Mahabhaskareeya was 
written in 528 AD during when many modern astronomical 
terms were used for calculating a mathematical solution of 
complicated porblems. Vateswara gives the following method 
for determining the prime vertical: 


eysfemaifarrereag, wa: Wet: 
sarcitet Sree (aE:) 

Ravibbujajina mourvyorvadhaalpalajyaabruthaath sama: sanku: 

uttaragole. svaakshaadalpakraanthyaamayam (graabya;) 

From the product of Rsine of the Sun's bhuja and the R 
sine 24° divided by the Rsine of the local latitude, then is obtained 
the Rsine of Sun's prime vertical altitude. This exists when the 
Sun is in the northern hemisphere and the Sun's declination is 
less than the local latitude, (Vateswara siddhanta 3(11)-8) 

Le. if ©, is the Sun's tropitcal longitude, Ap, the Sun's 
prime vertical altitude and $, latitude of the local place, then 

Rsin Ap = R sin @ x Rsin 24°/ R sin $. R sine of the 
declination multiplied by the radius and divided by the Rsine of 
the local latitude gives the Rsine of the prime vertical altitude. 
Earthsine: Definition of earthsine has been given before. The 
method of determining earthsine according to Vateswara 
siddhanta (3(6)-Dis: 
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watanfesaret wrreciar fruiforat Eat | 
fayacoraryfirer sarcoarsigegat 1 FAL |! 
Kraanthijyaa f aksbajyaaghnas lambakajeevaa vibhaanjithaa kujyaa 
vishuvathcchaayaagunithaa kraanthijyaafarkoddrutha ta Saath 
R sine of declination multiplied by R sine of the latitude 
and divided by R sine of colatitude gives the earthsine. R sine of 
declination multiplied by ‘equinoctial midday shadows and 
divided by 12, too yields the same. 
Earthsine = R sin 0x R sin $/R cos $; where @ declination 
and $ is the local laritude. i 
Bhaskaracharya [also has correleated these parameters. 
gaia fafa RS 
[htakraanthikshithijaavarga samaasasya 
moolamarkaagraa ksbitijae vyaasaardbabrathaa palasyia guna: 
Square root of the sum of the square of R sine ofthe Sun's 
declination and earthsine for the desired time is the R sine of the 
Sun's agra for that time~ 
LeR sine of the Sun's agrais equal to the square root of the 
product of squares of R sin @ and Earthsine ‘where 0 is the Sun's 
declination. Similarly the product of radius and earthsine divided 
by the product of Radius and the Sun's agra gives Reine $ where 
$ fs the latitude of the place. (Mahabhaskareeya 3-53) 
Bhaskaracharya has given a complex method for the 
calculation of various astronomical parameters indifferent ways. 
In following lines he said thus: 


ea proupecafrgeat wer ete 
SRT TARR RAT RTT RRTHL 
premoigitines 3 Garmare fg: 
aeptaed wa weaceras vier fea: 
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areevenfrt Rrkh dee Raasten F: 1 
aifted 4 Aa | tet set wat at 1 
im munirandrapushkarasasikshunnaam sadaa sambared 
ecccbons vedapakramagunasthaalkaalika sthathkruthim 


: rent 
kaasbtitham cha yadavaapthamathra thu prochyathe charadalam 
sathaam varai: 


Mutiply R sine of the given longitude by 1397 and divide 
by radius; the result is the R sine of the declination of that time. 
Subtract that from the squares of radius and then take the square 
root ofthat difference. Result is called Day radius. Multiply the 
R sine of latitude by R sine of the given declination and divide 
by the R sine of colatitude; the result is the earthsine. Multiply 
earthsine by radius and then divide the product by the day radius, 
then reduce the resulting R sine to arc. Whatever is thus obtained 
istermed the ascensional difference by the best among the good 


astronomers. This can be mathematically represented thus: 


(Mahabhaskareeya 3-6,7) 

Raine 0 = 1397 xRsinS/R 

Day radius = Square root of (R? - Rsin 0)? 
Earthsine = Rsine # x R sin @/Rsin (90° - #) 
Reine of ascensional 

difference = Earthsine x radius/day radius 


Where R is the radius, # is the latitude of the place, $ and @ 
ite sayana longitude and declination respectively. 


Rsine of moon's meridian and zenith distance: Vateswara has 
defined the meridian as the circle Passing the north and south 
cardinal points, (Vateswara siddhanta Gola 3-1,2) 


Bhaskaracharya gives the explanation to determine the 
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ith di in which the moon j 

dian zenith distance by a process in wl 1¢ moon is oq 

ee which literally means that the moon's longitude jg 
equal to that of the meridian ecliptic point: 


By this process the meridian zenith distance of the moon 
is obtained when she is on the meridian. From the moon's celestial 
latitude, declination and local latitude, the R sine of her meridian 
zenith distance is determined. (Then he described the 
mathematical equation) : 

Moon's meridian zenith distance = local latitude +/- true 
declination. 

Here + or - sign is taken depending upon the position of 
the moon in south or north of equator. (Mahabhaskareeya 641) 

First, one has to calculate the true declination of the moon 
and then apply the above formula for determination of R sine of | 
the moon's meridian zenith distance. | 


Oblique ascension: | 
fermferfie: amet: ‘arr: oer’ arsrgetory 
fagrernm: sarge vrrechAt 11 


Vimsathirashti: saardhaa: paadonaa: saptha chaajapoo rvaanaam 
vishuvacchayaagunithaa:kramothkramaachha ravinaaddyo fardbe 


Multiply the constants 20, 16.5 and 6.75 with equinoctial 
shadow. The results are the oblique ascensional differences in 
vinadis, the first in the given order, then in the reverse order of 
the first 6 months and again the given and the reverse orders for 
the second half of the ecliptic and the second 6 months 
(Panchasiddhantika 3-10). 
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For the months starting from Mesha the order of 
multiplying the equinoctial shadow is 20, 16.5, 6.75 (then reverse) 
675, 16.5, 20 upto the month of Mina, 

Winter summer solistics: The movement of the Sun, 
from the earth, to the north and the south of the equator has 
been examined thoroughly by ancient Indians. Commencement 
ofthe northward/southward movement has also been identified 


specifically. The information mentioned here, belong to the 
period of Varahamihira i.e 505 AD. 


Ser RTE: “faerreny yaa | 
1 errr a waeert 11 

Udegayanam makaraadaavruthava: sisivaadayascha sooryavasaath 
dvibhavanakaalasamaanam dakshina mayanam cha karkatakaath 

‘The Sun's turning northward is when it reaches the 0 point 
of Makara (Capricon) at winter solistic and its turning southward 
isat 0 point of Karkitaka (Cancer). (Panchasiddhanitka 3-25) 
Celestial sphere, longitude and latitude: Information on the 


celestial sphere and its longitude and latitude, was not confined 
tomerely theoretical level but went deep into the application level, 


erat erat wera a vey | 


viewed 


i geganamavanow prasakthamiva yathpradsyathe antheshy 
‘amamithipoorveaparatho hyevameva dakshinotbharatha 
& ae — 
(lamto) navathi khe (madhyaad) dyuvyaaso asthodayaakhyasya 
Where the sky appears to meet the earth at their skirt itis 
called the horizon. The vertical circle which runs from she cat 
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to west is called the prime vertical. Similarly, the circle which 
runs north to south is called the meridian. Actual distance 
between the north pole and the horiozon is called latitude, The 
difference between 90° and the latitude is called the colatitude, 
The day daimeter is the diameter of the so called diurnal circle 
(Panchasiddhantika 14-17,18) 

Ascensional difference: Vateswara has given the following 
method for the determination of Ascensional difference, 


ae Graaf qanrear weiter eq | 
arereat Spfar yfierrat a area 1 
Kujyaa thrijyaagunitha dyujyaabbakthaa charaardhajeevaa syaath | 
anthyaabathaa kujeevaa dhruthibhakthaa vaa charaardhajyaa | 
Earthsine multiplied by the radius and divided by the day 
radius is the R sine of the ascensional difference. Earthsine 
multiplied by antya and divided by dhruti is also Rsine of 
ascensional difference (Vateswara siddhanta 3(7)-1). 
R sine of ascensional difference = Earthsine x R/day radius. 
‘The Sun's druti is the distance of the Sun from its rising 
and setting line. 
Rising of the planets: Determining the position of rising of 
planets in the horizon needs a lot of observational skill. It needs 
the knowledge on planets, their revolution pathway, angular 
velocity, division of zodiac, declination, etc. Without the use of 
a telescope or other instruments, the skit! was shown by the 
Indian scholars to calculate the position (in angular values of 
zodiac), of rising of the planets. For understanding the content 
of modern concepts in this achievement, one should know about 
the first point of Ariesa. The point of Aries is where the equatorial 
plane and the ecliptic meet. This is fixed as the point of measuring 
the position of piauets in degree. In Sanskrit this point is called 
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the Mesha sankranti. Ic isthe first point of Zodiacal constellation, 

which is taken as O degree on the path of revolutions of planets. 

Positions of planets are referred from this point, as followed in 
| modern astronomy. 


The rising and setting of the planets have definitions in 
modern astronomy as follows: In the course of the diurnal motion 
‘of the position of a celestial body in the horizon, where it enters 
the visible hemisphere from the invisible one is called its rising. 
‘This has been explained in Aryabhateeya with details. 


FT-IR Fe T-4-e ose FA TT: 
Budba-bbrugu-kuja-guru-sani-va-raashaacha- 
gathvaamsakaan prathama paathaa: 

The ascending nodes of the Mercury, Venus, Mars, Jupiter 
and Saturn are 20°, 60°, 40°, 80°, from the first point of Sign 
Aries (Aryabhateeyam 1-92). 


‘This means that Mercury rises at 20° from the Aries point 
(Mesha Sankranti point) Venus 60° and so on for other planets. 
‘These values are remarkably correct and in agreement with the 
modern values. Other information connected with the rising and 
the setting of planets has been described by ancient Indian scholar. 
Lallacharya: 
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Vasuyamai: sarapoornavilochanairmanubhi ragnibbujanga 
wheahernt bhanayanairudayo disi vajrino bhavathi yaschala 
kendrabhavairlavai: gaganashatkahuthaasaparichyuthai:kakubhi 
paasabbrutho asthamayo bhaveth sasisarai sthriyamaibhudha 
sukrayorjala patherudayo disi jaayathe nigadithai: pathithaischa 
bbamandalaaddisi sahasradriso asthamayo bhaveth yamagunairdivasai: 
sasi bhoo dharairbhavathi chaabbyu dayo fsthamayosthayo: 
‘vyomaarkaa: kshithipaa nabbohutha bhujo naagaasthathaa shadgunaa: 

‘When the sighrakendras of Mars, Mercury, Jupiter, Venus 
and Saturn are respectively 28°, 205°,14°, 183°, and 20° they rise 
in thé east. When their sighrakendras are 360° minus these values 
respectively they set in the west. When their sightakendras are 
respectively 51° and 23°, Mercury and Venus (when direct 
motion) rise in the west. When they are 360°, minus these values 
respectively they set in the east. Mercury and Venus once set, 
rise again 32 and 71 days respectively after setting. For 120, 16, 
30, 8 and 36 days respectively Mars, etc., (in that order) remain 
invisible in the west. They set 660, 37, 372, 251 and 342 days 
respectively after rising (Sishyadhi vrudhi Tantra 3-22-25) 


Complex scientific information is elucidated by continuous 
observations and calculations are described in the above stanza. 
They are examples to show the careful observations undertaken 
for calculating the rising and setting of the planets. In this example 
also inferior planets, Mercury and Venus are separetely dealt, 


SA: WA wait faq: wrla uret we: | 
Taare aatemmaet vat a 
Una: praagudayam prayaathi savithu: praageva chaastham graha: 
paschaadabbyadbikoarka sannidbivasaannithyam pravaahena cha 


The planets which have a motion slower than the Sun 
(earth) always rise helically in the east and set in the west, The 
planets which have faster motion rise in the west and set in the 
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east. So, Mars, Jupiter and Saturn which have slower motion 
than the Sun (earth) always rise in the east and set in the west. 
Mercury and Venus when retrograde do the same. But when 

they have direct motion-which is faster than that of Sun (earth) - | 
they rise helically in the west and set in the east and so does the 

moon. (Sishyadhi vruddhi Tantra 8-1) 


Here, the speed of Sun is directly attributed to the motion 
of earth by Lallacharya. Unlike Aryabhatta, the author of 
Sishyadhi vruddhi Tantra, Lallacharya believed that the Sun is 
revolving around the earth. Data given for the Sun can be 
extrapolated to earth, which are comparable with modern 
astronomical values. 


Position of planets: According to modern astronomy position 
of planets at any time and also the rising/setting are calculated 
based on the celestial longitude of that planet. The celestial 
longitude of planets is the distance of the foot of the secondary 
through the body to the ecliptic measures from the first point of 
Aries along the direction of the Sun's annual motion, it lies 
between 0° - 360°. The same way the ancient Indians calculated 
the position of the planets. The position of planets given for 
March 21, 499 by Aryabhatta and corresponding (back calculated) 
modern astronomical values are given for comparison. Given 
here is the mean position of the celestial bodies on Sunday, March 
21, 499 at mean noon in the prime meridian at Ujjaini. 


Celestial body ‘Aryabhateeya Modern calculations 

Sun 360° 00" 00” 359° 42 05” 

Moon 289° 48 00” 280° 24’ 52" 

Moon's apogee 035° 42" 00” 035° 24” 38” 

Moon's ascending node 352° 12’ 00" 352° 02' 26” 

Mars 007° 12" 00” 006° 52’ 45”” 
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Mercury 186° 00’ 00” 183° 09° 51” 


Jupiter 187° 12' 00” 187° 10° 47” 
Venus 356° 24’ 00” 356° 07" 51” 
Saturn 049° 12’ 00” 048° 21713” 


Generally, positions of planets are calculated after giving 
due correction to the year upto which previous corfections were 
given. The corrected year is termed as the epoch era. Modern 
astronomy also gives corrections to time in seconds or minutes, 
522 AD was the epoch era taken and it was followed by 
astronomers for two centuries, Based on this, corrections were 
given for the planetary positions. Manjulacharya has given the 
position of planets for epoch era as Saka year 854, Here the given 
position was also accurate, even upto the angular value in minutes, 


Kruthasaravasumitha saake chaithradow sourivaaramadhyaahne 
raasyaadi raajanrupaarkaa ravirindurbhava dhruthi dviyamaa: 
sooryanmandochhamsaa: vasathuragaa: parvathaasth 

suararavaya: khaakruthayo dvinaagabbuvo fasithiradrijinaa: 
On Saturday noon, the beginning of Chaitra, Saka year 

854, position of the Sun 11s 16° 12’ (346° 12), moon 11s 18°22’ 

(348° 22/), apogee of the Sun 2s 18° (78°), that of Moon 0s 7° 20° 

(7° 20) that of Mars 4s 7° (127°), Mercury 220°, Jupiter 5s 

22°(172°), Venus 2s 20° (80°), Saturn 8s 7° (247°). (Laghumanasa 

1-12). 

‘These values agree very much with the modern values on 
the position of planets. Puthumana Somayaji has given the 
position of the planets for the Kali day 1772786 at sunrise. 
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ara Gt 7 -BrHiRA:sun 6s 2 57 257" 9” 
. guanaath sumerow na sumanthraneethi: 

eiegairar FAST Moon 8 15° 18” 1” 51” 13"”" 

lokekrusaangyaa nijakaamapunja 

STA FATTY Mars 55 25° 6! 10 53” 0” 

anangamaanam kruthanaamarena 


foster: weft: Mercury 3s 16° 7° 10” 47” 40°” 


nirbbaasabhano: kathanekshipala: 

einfaret werrcart Jupiter 25 9° 34/44” 44" 3” 
leenaavibbave bhavathaddbanaaree  - 

wenfuetat Tate: §— Venus 75 4° 47! 27” 12” 16" 
thayaapriyosow rasabbidoanastha: 


tafe freeing: — Saturn 8s 0° 52’ 36” 2” 58” 
hemaadrinethaa girisoninaadai: 
Signs, degrees, minutes, seconds, one sixtieth of a second 


and one sixtieth of that value, are given here. (Karanapaddhathi 
1-23 with the commentary) 


Mathematical values for angular positions given above are 
according to Ka ta pa yadi number system, It is interesting to 
note that positions are given in angular measurements, beyond 
minutes and seconds, which in Sanskrit are called liptam and 
praliptam (respectively 1/60 of a second and 1/60 of that value). 
Celestial ascending nodes of planets are given by Manjulacharya. 


Saratetayae: YRTGaTa Ue: | 
were: Vea: 11 
Sankraanthi thithi dbrirvakaa: sukravasunavaraseshavo raaho: 
krutha yarmavasu rasadasakaa dasaahathaa: seshapaathamsaa: 
21 


ET EE ET. 
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‘At the end of the completion of the Sun's revolution in 
Saka year 854, the ascending nodes were, for Moon 8s 9° 567 
Mars 40°, Mercurcy 20°, Jupiter 80°, Venus 60°, and Saturn 106° 
(Laghumanasa 1-4). 


Precision of equinoxes : As mentioned earlier the above angular 
values for the position of planets are given based on the fixed 
point of Mesha sankranti. The two imaginary equinoctial points 
are first degrees of Aries and Libra. During the revolution of the 
total solar system, it has been observed that these points also 
move slowly. Le the precision of the equinoxes change, resulting 
in the change of the Mesha sankranti day/time. It can be seen 
that Manjulacharya has given the rate of change of precision of 
equinoxes about 1200 years ago. 


aR: Farefeairarente: | 
were aafent efagerefargaare: 11 
Ayanaachalanaashaddamsaa panchaasalliptikaa sthathaikaikaa: 
prathyabbdam thathsahitho raviruttharavishuvadaadi: 
Precision of equinoxes is (Ayana chalana) 6° 50’ and the 
rate of change of ayanachalana is 1’ (minute of angle) per year. 


The longitude of the Sun, increased by the ayanachalana is to be 
reckoned from the vernal equinox (Laghumanasa 1-5). 


This value has great scientific significance. Given here is 
the total change of precision of equinoxes from 522 AD to the 
period of Manjulacharya. This was calculated by the author 
himself as 6° 50’, at the rate of 1’ per year. Important application 
of this knowledge can be seen in the following observations. In 
499 AD, Aryabhatta I has mentioned that the Mesha sankaranti 
was on March 21. Now Meshasankrati is celebrated on April 
14th. This change is due to the ayanachalana ie change in the 
precision of equinoxes for the last 1500 years, at the rate of I’ per 
year, resulting in the change of the position is 1500+60, nearly 
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25°. Ifearth takes 1 day for revolving about 1° (exactly 59’ 8”) 
around the Sun, the number of days the earth had to move more 
to reach the Aries point in 1999, compared to 499 AD is nearly 
25 days. Thus Mesha sanskranti is changed from March 21st to 
April 14. The angular value calculated by Indian scholars for 
precision equinoxes was 1’, whereas the modern value is 50” 
26’”, Even though other Indian astronomers have not mentioned 
specifically about this phenomenon it appears that they have 
included this correction factor in all their astronomical 
calculations. In another book Brhmamanasa, the same author 
Manjulacharya has given the number of revolution of vernal 
equinoctial point as 199669 for a period of 4320000000 years!. 
This number is also very near to the correct modern value. 


Explanation for ecliptic and equinoxes: The path of apparent 
annual motion of the Sun is called ecliptic. Plane of the ecliptic 
inclined to an angle of 23° 27’ to the plane of equator, intersects, 
at first points of Aries and Libra. Between the two equinoctial 
points the first half plane is upward and the second downwards. 
‘This is the modern explanation for the Aries and Libra points. 
Same definition had also been followed one and a half millennia 
ago by Aryabhatta I and others. 


One half of the ecliptic running from the beginning of the 
sign Aries to the end of the Virgo, lies obliquely inclined to the 
equator northwards. Remaining half of ecliptic running from 
the beginning of sign Libra to the end of sign Pisces lies equally 
inclined to the equator to southwards (Aryabhateeyam 4-1). 


This inclination is defined as apakrama (meaning: not in 
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order but inclined). In Sankaranarayana's commentary fo, 
Laghubhaskareeya, he had clarified this declination for moos 
while interpreting Aryabhatta's above stanza, as follows; 
RTS eniga Tre creas aia, 
Apakramamandalaadvikshepamandalasyaa 

From apakrama mandala to the path of revolution 
(ikshepa mandala), it is 4° 30” for the Moon, that is the 
meaning..... (Gankaranarayana's commentary for 
Laghubhaskareeyam 5-4). The corresponding modern value for 
the declination of the Moon is 5° 8’ and it ranges between 4° 57° 
and 5° 20’, 


Visiblity of planets: Planets are revolving around the Sun in an 
elliptical path way. They may be at different distance at different 
times. At one instance, each can be at the farthest and that 
position is called apogee and about 180° of apogee, planets are at 
the nearest point which is called perigee. This phenomenon is 
due to the elliptical orbit of the revolution of planets and the 
Sun is at one corner of this ellipse. This farthest and nearest 
positions were well explained by Indian scholars. Apogee was 
known as the neechocha and perigee as sighrocha. 


While viewing the planets, it is obvious that when they are 
near, they appear bigger and when they are farther they appear 
smaller. In fact in modern astronomy the angular radius of the 
planet is said to be inversely proportional to the distance of the 
body. 

Le @ = radius of the body/distance. This has been clearly 
mentioned by Lallacharya: 

ae gma vat ee aT 
Saget yor we 
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‘Athaeva dyucharaanaamanunaa bhavathi kramaanmabathuam vaa 
savithuschaasannanaam dooragathaanaam kramenaiva 


‘The planets appear small or large accordingly. In the same 
manner, they a 


they appear large or small as they are near the Sun or 
far from it (Sishyadhi vruddhi Tantra 14-11) 


This is a well known fact. Based on this, mathematical 
equations have been formulated for calculating angular diameter 
of planets the Sun and the Moon, 


Visibility of planets. Minimum angular distance from the Sun: 
Due to the brightness of the Sun, planets cannot been when they 
approach the same line of the Sun and the observer, when viewed 
from the earth, Depending upon the brightness of the Sun and 
the planets, minimum angular distance is to be maintained, in 
time equivalents, to be waited for getting vision of the planets. 
‘This information was documented here. 


waintsientinfatrctratanterdt ga: 
ae: 
Chandroamsairduaadasaabbiravi kshiptho farkaantharasthixho 
drusya: navabhirbbrugurbbrugosthairdvaryadhi - 
hairduaryadbikairyathaa slakshnaa: 

When the moon has no latitude it is visible when situated 
at a distance of 12 degrees of time from the Sun. Venus is visible 
when 9° of time distance from the Sun. The other planets taken 
in the order of decreasing size (as per Aryabhatta). Jupiter, 
Mercury, Saturn, and Mars are visible when they are 9°, increased 
by 2° (i.e 119,13°,15° and 17%) distance from the Sun 
(Aryabhateeyam 44) 

One degree is equivalent to 4 minutes in time duration. 
Hence when 12° s taken the time equivalent is 48 minutes. Ifthe 
arc of the ecliptic joining the Sun and the Moon takes at least 48 
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minutes in rising above horizon, moon will be visible. But if 
moon has some latitude this minimum degree varies. This fact 
had been supported by Bhaskaracharya I. The same modern 
astronomical facts has also been supported by Lallacharya. Even 
ifthe required visibility correction is given, the planets are visible 
only by maintaining the above angular distance: Says Lallacharya: 


efit wsewatea: aera ge: 11 
Kaalamsai ravibbi sasi mahisutho fathyashtyaatha nandai: 
sitha:sasaankaguna booomibhi. raleshaa saraasibhi: souri : 
sivairangiraa: vakrasthow budhabbargavow ravi gajai: 
sooryaantharairdrusyathaam yaanthi prathyagino 
bhashatka sabitha: haaryasthathaa druggraha: 

Corrected by the two visibility corrections, the Moon, 
Mars, Jupiter and Saturn are helically visible when separated from 
the Sun by (a degree or time equivalent to that) respectively 12°, 
17°, 11° and 15°. Mercury and Venus are helically visible when 
in direct motion separated from the Sun by the kalamsa 13° and 
9°, when retrograde by kalamsa 12° and 8° respectively (Sishyadhi 
vruddhi Tantra 8-5) 

Thus the result of a series of observation is given by different 
scholars for getting the vision of the planets from earth. 
Visibility correction of planets: Visibility of the planets are 
affected by various factors and many of them have been known 
to ancient Indians. The depth down to which they had gone for 
adopting these mathematical corrections can be made clear from 
the quotations taken from Lallacharya, Bhaskaracharya I, 
Brahmagupta, Varahamihira and many others . 
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TReabaraicmsrnta ste ufteraatiayes | 
wat 8e Gerad: vet cater deve Geet 1 
Raasithrayaanvitha khagothkramajaatha mourvee kshepena shashti 
lavavarjitha bhoorasaischa hathvaa hareth khakhasaraakshiyamai: 
phalam syallipthaadi drushti bbavakarmani khecharasya 

Mubhtiply the Reversed sine of the true longitude of a planet 
increased by 90° by its latitude and by 60 and 50/60, and divide 
the preduct by 22500. The result in minutes is the dark phase or 
visibility correction of the planet due to the obliquity of ecliptic 
(Sishyadhi vruddhi Tantra 13-14) 

Lallacharya has further mentioned the correction given in 
minutes of angle as "Or multiply the difference of the radius and 
the R sine of the true longitude of a planet by its latitude and 
divide by 370. The result is the visibility correction" (in minutes), 
Gishyadhi vruddhi Tantra 13-15) 

Thisis exactly the view on the subject. More refined values 
have been incorporated in modern astronomy so as to get higher 
level of accuracy. 


Parallax on visibility: Parallax of a body is the angle subtended 
at the body by any two positions of observations. Therefore this 
is the angle between the two directions of observations. According 
to modern astronomy there are two types of parallax affecting 
the calculation of positions of the celestial bodies. They are 
geocentric parallax and horizontal parallax. In geocentric parallax 
the centre of the earth is taken as the standard observer. The 
centre of the earth observes the celestial body which is taken as 
the standard direction. Direction in which the observer on the 
surface of the earth sees is the apparent direction. The angle 
between these two is geocentric parallax. This is mathematically 
defined as follows: 
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Geocentric parallax = (Radius of the earth x 180 x 60x 60 
x Sin z)+ I] x distance from earth. Geocentric parallax is directly 
related to the spherical shape of the body and the spherical shape 
of the earth. 


Horizontal parallax is the parallax observed when the same 
body is observed from two different places having same meridian, 
This is also related to the geocentric parallax. If Pi and Pii are the 
geocentric parallaxes when the same body is observed in two 
places on the same meridian, then horizontal parallax is: 

Pisg.xsin zi and Pii =g x sin zii; where g is the geocentric 
parallax and zi and zii, the zenith angle distance of the two places, 
In both cases the parallax is directly related to the radius of the 
earth. In the geocentric parallax when distance remains the same 
the parallax is the same, as radius of the earth multiplied by a 
factor. The Parallax affects the visibility of celestial bodies. It is 
because the observer is standing on the earth surface and also 
because of the parallax, the observer sees the visible and non 
visible part of the planet as big or small. According to modern 
science the horizontal parallax for Moon is 57’ and that of the 
Sun is 8.8’”. In both geocentric and horizontal parallaxes (as 
mentioned above) the radius of the earth and the distance from 
the body are the two important factors which influence. This 
information has been given by Aryabhatta I: 


RIT | feist eat Geert ypafanf are, 
— Kuvasaath / kshithije svaa drukechaayaa 
bhoorvyaasaardham nabbomadlyaath 

Because of the spherical shape of the earth, the parallax 
equal to a maximum level of the earth's radius is possible for 
7 ti the celestial bodies, from the earth (Aryabhateeyam 
4-34) 
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Drkchhaya is parallax. According to the commentator, 
parallaxin longitude i a product of radius of earth and druggatijya 
and the result will be in yojanas, Lallacharya has connected the 
parallax with the hour angle and meridian ecliptic, and parallax 


‘was given in time unit, 


sankunaa kshamaashadanghaabdbi saraankanethrabrud 
vilambane syaad ghatikaadi vaa phalam 

Reine of the hour angle at the amavasya multiplied by R 
sine of the altitude of the meridian ecliptic point and divided by 
2954961 gives the parallax in ghatikas at mid eclipse (Sishyadhi 
vruddhi Tantra 6-8) 

‘The time equivalent of parallax is the time required for the 
disappearance of the body equivalent to that which is observed 
by the parallax. When the Sun and the Moon are in different 
hemispheres, the method followed for calculating the lax is 
discussed in detail by Lallacharya, 

wear eflenit: wrested aa ep wT ay 
fede sepharrakigergeatersen: eet: 

Hruthaathavaa drushtigathi: kbashadgajaivilambanam 

thath svarsrunam kramaath bhaveth thitherviraame 
sthaduthhaamsakalaa: saseenayo: 

Driggatijya divided by 860 gives the parallax in ghatikas. It 
should be added to the calculated time when the amavasya ends, 
if the Sun is in the western hemisphere. The longitude of the Sun 
and the Moon must be found for the correct time by adding or 
subtracting the minutes resulting from the motion according to 
as the parallax is additive or subtractive, (Sishyadhi vruddhi 
Tantra 13-9). 
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Parallax in longitude: Separate chapters have been set apart in 
many ancient astronomy books for discussing the parallax in 
longitude and that for latitude. Lallacharya's method for 
calculating parallax in longitude is as follows: 


Thriraasijeevaa valanajyakaa bruthaa sileemukbai rankulathaam 
vrajanthi thaa: dvisankunaa drushtigathi: saraachalai- 
rvibbaajithaa lambana naadikaa phalam 

Radius and the valanajya when divided by 5, are converted 
into angulas. The R sine of driggati multiplied by 2 and divided 
by75 gives ghatika of the parallax in longitude. (Sishyadhi vruddhi 
‘Tantra 13-11) 

Parallax in longitude is known as Nati in Sanskrit which is 
discussed in detail under the title, longitude in this text. 
Parallax in latitude: Parallax in latitude has also been discussed 
in detail in ancient astronomy books. Thus says Lallacharya for 
parallax in latitude. 


ryreTaies ue: wargenfngat aft: FI 

Nathakramajyaambara sankunighnaa syaallam! 

thathwaraseshubrudvaa drukshepabbukthyanthara yoscha ghaatha: 
khabaanayugmaakshibrutho nathi: syaath 

R sine of the hour angle multiplied by Rsine of altitude of 

the merdian ecliptic point and divided by 5625 gives parallax in 

longitude. The Difference of true motions of the Sun and the 

moon multiplied by the Rsine of drikshepa and divided by 2250 

gives the parallax in latitude. (Sishyadhi vruddhi Tantra 13-12) 
‘Thus for every planet for calcualating the vision point of 
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celestial phenomena like rising, setting, eclipse, conjunction, etc., 
the parallax on both latitude and longitude are to be added. 
Apogees of the planets: While explaining positions of planets, 
their apogees have also been described by Indian astronomers. 
Aryabhatta has given apogees for planets as follows: 
QT A-a-a-a-e rear We: | 
afeqeist = cer g-sfa-a-e-era-faet wea 11 
Budha-bhrugu-kuja-guru-sani-na-va-raa-sha-ka- gathvaamsakaan 
prathama paathaa: savithurameeshaamcha thatha duaa-njakbi- 
saa-hdaa-blaya-khichya mandochham 

Apogees of the Sun, Mercury, Venus, Mars, Jupiter and 
Saturn are respectively 78°, 210°, 90°, 118°, 180°, 236° 
(Aryabhateeyam 1-9) 

Aryabhateeya number system is followed to give the above 
numerical values. When the first point, Aries is taken, the above 
planets and the Sun come at the farthest distance in their respective 
apogees. Apogee of the Sun from the earth is given here as 78°, 
which means that after travelling 78° from the Mesha sankranti 
point, the distance between the Sun and the earth is maximum. 
Here, a comparison of the modern values of apogee to that given 
by Aryabhatta is cited: 


Planet Aryabhatta Modern values 

Earth (Sun) 78° 77° 15" 

Mars 118° 128° 28° 

Mercury 210° 24 11" 

Jupiter 180° 170° 22° 

Venus 90° 290° 04" 

Saturn 236° 243° 40" 

Except for Venus the other values have adegree of accuracy. 
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Aryabhatta's values were recorded 1500 years ago! Regarding 
apogee, the same line has been mentioned in bhootha sankya 
system by Lallacharya. 


Vasveesaa dasabahavo fambaradruthi: khankaa rasathryasvino 
nunnen hshithijainajeeva bbrugujacchaayaa suthaanaam kramaath 


Apogees of Mars, Mercury, Jupiter, Venus and Saturn are 
respectively, 118°, 210°, 180%, 0°, 236°, (Sishyadhi vruddhi Tantra 3-1) 

An interesting scientific conclusion that can be arrived at 
from the above observation is that the first point of Mesha 
sankranti (also called vishu) falls on April 14th. It was well 
documented that, every day the earth revolves around the Sun at 
an angular velocity 59 8” (ekona shasbti lipta: ashtow vilipta: one 
less than 60 minutes and eight seconds of angular velocity, when 
viewed from earth, the Sun moves). When the earth revolves at 
this rate around the Sun for reaching the point of apogee at 78°, 
it takes about 79 days, The number of days from April 14 to July 
3rd is 79 (including the former). July 3rd is the day on which the 
Sun and the Earth come farthest according to modern astronomy. 
This ancient discovery agrees absolutely with the modern i 
observation. Going one more step ahead on this wonderful 
mathematical astronomy, one can also see that the exact time 
during when the distance between the earth and the Sun attains 
the farthest distance, can be calculated from the correct Mesha 
sankaranti time to the time required to reach the apogee 78°. 

Perigee is the nearest point which is opposite of the apogee. 
If the opposite point of apogee is the nearest point between the 
Sun and earth, then Sun should be located in one corner of the 
ellipse,and they should be separated by 180°. This information 
has been clearly mentioned. 
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area Fenrmeafires wer wet vate waite: 1 
igs Bo vat: wieemseet fret 
Svochhaath shadbhaagaadbyadbiko yadaa thadaa bhavathi 

svaneechastha: doorenochhaga urvyaa: karnavasaannochhago nikate 

‘When a planet is at a distance of 6 signs from its apogee, it 

is said to be at the perigee or neecha. When a planet is at the 

apogee, it is farthest from the earth when at the perigee, it is 

nearest to the earth. This is so because of the length of the 
hypotenuse in each case (Sishyadhi vruddhi Tantra 14-10) 


One sign is 30°, then 6 signs are 180°, Le the Sun comes 
closest to the earth when the angular distance (from mesha 
sankranti) is 180°+78°, So the modern astronomical conclusion 
that the Sun is ata corner of an elliptical orbit of the earth (around 
the Sun) was known to Indians. For revolving 180° around the 
Sun from the point of apogee, the earth takes 183 days according 
to Indian observation (at the rate 59" 8” per day). When the date 
of apogee (ie July 3rd) is added with 183 days, we get January 3 
asthe date on which the Sun and earth come closest. (Le. when { 
the earth travels 180° in 183 days after July 3rd). According to 

modern science on this date the earth is in perigee. 


Varahamihira in Panchasiddhantika has given the special 
method for calculating the apogee of the inferior planet, Mercury, 
using the period calculation based on ahargana. Ahargana is the 
number of years (or days) elapsed after the (arbitrarily corrected) 
fixed date of epoch. Various scholars take epoch as Mesha 
sankranti in 522 AD as mentioned earlier and some other give 
appropriate corrections for days and fix the year of thier choice 
to start counting the ahargana. (Number of years elapsed since 
then, is ahargana).. 
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Scthagnite degra swara rua saps Daath kramasa 
“araardba pancha masthathparaasche bbaganaahe (thaa:) kshepa: 

For finding the apogee of Mercury multiply the ahargana 
with 100 and divide by 8797. The revolution numbers are 
Stained. Add 44” per revolution. Add 4 sign 28° 17’ 0”, the 
sighra at epoch. (Panchasiddhantika 16-7) 

From the apogee, the perigee can be calculated by the 
addition of 180°. In the next stanza Varahamihira has given the 
method of adding 10.5” per revolution to Venus to get the 
position of apogee. These correction factors are also very much 
in agreement with modern astronomy. 


Revolutions of apogee: The total solar system is also revolving/ 
moving at some directions, and also various other types of 
motions of the planets take place. Due to this these imaginary 
points like apogee, perigee, first point of Aries, in the celestial 
orbit, also revolve around the Sun. In one of the above 
calculations, it has been pointed out that, the first point of Mesha 
sankranti, has moved about 25° from 499 AD to 1999 AD. Le. 
during the last 1500 years. In the same way the rate of revolution 
of apogee is also described while discussing the revolutions of 
the celestial bodies. Ancient values and the modern astronomical 
values have also been given. Aryabhatta says on the revolution 
of apogee as follows: 


casa ofifae, gy quite, 7 aafagg, vera: 
Chandrochaa rjusbikbidha, bhudha sugusithruna, 
brugu jashabikbrrucchru seshaarkaa: 
In a Yuga the revolutions of moon's apogee is 488219, that 
of Mercury 17937020, Venus 7022388, for other. planets the same 
Sur/ eat, The counting revolution commences at the 
‘ing of the sign Aries on Wednesda} i 
ear oe xy at Sunrise at Lanka 
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These values are correct according to the present day 
knowledge. Here the revolutions of the imaginary point of 
apogees around the Sun are given for one Mahayuga (4320000 
years). Manjulacharya has also given the method for calculating 
the apogee of the moon and also the rate of motin of the apogee. 


wrt fepmetaeasteaim aatga: 1 

weeereniggacerieecachtitan: 1 
dyugano dvigunaabdo naaschandrochhamsaa navoddbruthaa: 
Rhavedaghnaabda samyukthaarasaashtamsaabda kalonithaa: 

Subtract 2 times the years elapsed from the Dyugana and 
divide that by 9. To this add 40 times the years elapsed. These 
are the degree measure of the moon's apogee. Subtract minutes 
equal to (1+1/8) times the years elapsed. This is the mean motion 
of moon's apogee, since the epoch. (Laghumanasa 1-5). 

‘This was obtained by a series of mathematical calculations, 
in which various astronomical parameters are used, It is described 
in the Laghumanasa, separately. 

For calculating the apogee of Mercury a method has been 
suggested by Lallacharya, This is by adding correction factors to 
the final position of the planet and the apogee of the previous 
years (which is called here as druva). 

(© - 2Y)/9 + 40Y) degrees - (14+1/8) min, Where D; 
Dyugana, Y; number of years elapsed since epoch. The method 


of calculating Dyugana has been discussed in detail by 
Manjulacharya (Laghumanasa 2.1) 


fe fet arragqed firken{it: ve a quyd aay | 
ema att wens Vays fear 1 
Dine dine bhaagachatbushtayam ksbipecchararthubbi: 
shat cha budhadbruve lava saraghnamabdhyakshyagunaamsa 
varjitham kalaadi jeeva dbruvake divaaganam \ 
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__ To obtain the apogee of Mercury add 4 + 6/65 degrees 
daily to its druva (position at the end of the previous year) 
Gishyadhi vruddhi Tantra 1-36). 


| 
‘This is the method adopted for finding out apogee positions 7 
of other planets also ie by giving correction factors to the previous 


positions. 


Vateswara has given here accurately by mathematical 
calculations the number of revolutions of the apogee in 14 
Manwantharas i.e one Brahmakalpa, which is a well defined 
period comprising of 4320000 x 72 x 14 years. Vateswara gives 
the number of revolution of apogees: 

During the life of Brahma (Brahmakalpa) the revolutions 
performed by the apogee of rhe Sun are 165801, that of Mars, 
81165, of Jupiter 13948, of Mercury 477291 and Venus 152842. 
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And the revolution of their ascending nodes are 988271456418719 
for Mercury, 196127640636895 for Venus, 20684 for Mars, 3802 
for Jupiter, 1542 for Saturn. (Vateswara siddhanta 1-16-19). 


In modern astronomy the rate of annual motion of the 
apogee of the Sun 11.63”, Mars 15.99”, Mercury 5.73”, Jupiter 
772", Venus 0.38” and Saturn 22.25”. That of ascending nodes 
from Mars, in the order -22.524”, 7.606”, -13.888”, -17.87” and - 
18.85”. Dividing 360° by the above rate of motion the number 
of years required for one complete revolution of the apogee will 
be obtained. From that value, the number of revolutions possible 
in a Brahmakalpa can be calculated, ie for a period of 14 x 72x 
4320000 years. 


Revolutions of planets: It is well known that the planets revolve 
around the Sun, In ancient times some scholars believed that, all 
the planets revolve around the earth. Number of revolutions of 
the planets given by Indian scholars agree marvellously with the 
modern values and it is given by almostall the astronomers. They 
followed the basis, for calculation of revolutions, as one 
Mahayuga, which is 4320000 years, as defined by Aryabhatta I 
and also others. 


Ta ATEN PITTA: 
Danthaabdlayo ayutha hatha yugavathsaraa: sya: 
In one Mahayuga, total number of years is the product of 
432 and ten thousand (Mallikarjuna Suri 1-3) i,e 4320000 years 


Suri hasalso given the number of revolutions of the planets 
in a Mahayuga which is the same number as mentioned by 
Aryabhatta I and other astronomers of ancient India. Aryabhatta 
gives the values as follows: 


Freer: aay, uf RE, | fete WR | 
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Yugaravi bhaganaa: khyughru, sasi chayagiyingusucehra tru 
fungisibunlru shkbru praak sani ddungivaghva, guru 
rikbichyubha kuja bhadilijnukbru bbrugu budhasouraa: 

Ina yuga the eastward revolutions, of Sun is 4320000, of 
the Moon 57753336, of earth 1582237500, of Saturn 146564, of 
Jupiter 364224, of Mars 2296824, of Mercury and Venus the same 
as that of the Sun (Aryabhateeya 1-3). 

Here the number of revolutions of planets and number of 
rotation of the earth are given. In fact the revolution of the Sun 
given here is equal to the number of revolution of earth around 
the Sun. And that given for the earth is its self rotation for the 
period of 4320000 years. (Numbers are given in Aryabhateeya 
system) 

Bhaskaracharya I, in Lakhubhaskareeyam, has also given 
the same values as those given by Aryabhatta I. But the number 
is given in Bhoothasankya. All the values are just repetition of 
Aryabhatta's data. However Bhaskaracharya I has not included 
the rotation number of earth. This may due to the fact that 
Bhaskara was not supporting Aryabhatta's theroy of the earth's 
rotation. 

Bhaskara has given the following data: Revolutions of the 
Sun 4320000, that of the Moon 57753335, Mars 2296824, Jupiter, 
364224, Saturn 146564, for Venus and Mercury, equal to that of 
the Sun (Laghubhaskareeyam 1-9-11) 

In both the cases the values given for Venus and Mercury 
are not correct whereas those for other planets are correct. 

Revolutions of the planets differ when viewed from earth. 
Nilakanta, on his commentary for Aryabhateeya, has mentioned 


this clearly: 
near 3 wi ata vate Pay | 
afgart there Tera area | 
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agrahanakshathra bhramanam na samam sarvathra bhavathi bhoo 
sthaanaam thedvijnaanam golaad yathasthatho golamabbidbasye 

Revolutions of the stars and the planets are never equal 
everywhere, when viewed from earth, That knowledge is 
explained in the astronomy known as spherical bodies (golam) 
(Neelakanta's Aryabhateeyabhashya 4-10) 


The number of sidereal days equivalent required for each 
planet (or its apogee or ascending node) to complete one full 
revolution around the Sun is compared with modern data. 


Planet Revolution Period in sdereal days for one 
revolution 
Aryabhatta I Modern values 
Sun (earth) 4320000 365.25868 365.256636 
Moon 57753336 27.32167 27.32166 
Mars 2296824 686.9974 686.9797 
Jupiter 364224 4332.27217 | 4332.5887 
Saturn 146564 10766.06665 10759.201 
Moon's apogee 488219 3231.98708 — 3232.37543 


Mercury's apogee 17937020 87.96988 87.9693 
Venus' apogee 7022388 22469814 224.7008 
Moon's asc.node 23226 6794.951 6793.39108 
‘The number of revolutions given by Aryabhatta I is 
accurate, He has also given the number of earth's rotation as 
1582237500, it is for rotation and not revolution of earth. When 
the number is divided by 4320000, we get the number of. days in 
one year i.e 366.25..... which is the number of rotation of earth 


ra year. Rotation of earth is separtely discussed elsewhere in 
text. 
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According to Siddhanta darpana the number of revolution 
of the planets in a Kalpa is as follows: Commencing from the 
Sunrise at Lanka the number of eastward revolution in a Kalpa, 
of the Sun is of 43200000000, of the Moon 57753332321, of the 
Earth 1582237839500, of Mars 2296862137 of Mercury 
17937120175 of Jupiter 364160611, Venus 7022270552 and of 
Saturn 146571016 (Siddhantadarpana 2-5). One Kalpa is 14 x 72 
x 4320000 years! 


Again more refinement on the scientific information took 
place in the course of time in ancient Indian astronomy. Nilakanta 
Somayaji, in Siddhanta darpana has given above value, on the 
basis of calculations, Here, Nilakanta gives the number for 
rotation of earth in Kalpa: i.e number of rotation of earth in 
435450000 years is 1582237839500 - as given in bhoothasankhya: 


wehpprenrarenfragare<a: 
Khakhashugogunaashtaasoaagnyaasvidtuayaashta sarendava: 

‘What stands unique is that the information on the apogees 
and the revolutions of the planets was a subject matter of in- 
depth study for Indians, more than one millennium before Kelper, 
Newton, Galileo and Copernicus. In modern astronomy these 
discoveries are attributed to these scientists. 
Inclination of planet's orbit of revolution: All planets revolving 
around the Sun are not in the same plane. There are inclinations 
in the planet orbits which has been documented in modern 
astronomy. Inclination of planet orbits given by ancient Indian 
astronomers and modern values are compared here. 


Planets Suryasiddhanta Aryabhatteeya _Siddh. Sekhara Modern 


& Sishy.vruddhi value 

Mars 90 90° 110’ nr 

Mercury 133 120 15200 421i 

Jupiter 60 60 7% 7821 

Venus 1B 120 13620339 

Saturn 126 120 13014925 
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‘There are variations for Mercury and Venus which has been 
anributed to the fact that they are inferior planets and also due 
fo the approach taken by Indians from the geocentric vision, 
wheras the above given are heliocentric values. (Vateswara 
siddhanta commentary 6-4 page 533) 

Various types of motions of planets: Vateswara says that the 
celestial bodies are made in such a way that they have to move 
continuously. 


‘Aadov sasarja bhaganam jyashameshasandhi samsthagrahai: 
ihe jaalarn brabmaa prathi kesanagamnarkajaso (ma) 
hakshyaa vakthradbruvaprathi nibaddhaminendu vasyam 

In the beginning, Brahma created the ever revolving circle 
of asterisms a net of twinkling stars, fastened to the pole star 
lying in front of the orbit or planets ranging from Saturn to 
Moon. (Vateswara siddhanta 1: 1-6). 


Planets undergo different types of motions. The ancient 
Indian scholars have described eight types of motions. In 
Suryasiddhanta these motions have been well defined. Perhaps it 
isthe oldest book which mentions about varieties of planetary 
motions. It is important to note that various types of motions 
were analysed viewing from the earth. Since the earth is also 
revolving and rotating, observations on motions vary. This is 
one of the reasons for some types of motion, of other planets, 

Suryasiddhanta (2-12) explains that there are eight types of 
motions as: 


Sara fan AT ARTT WAT | 
wer vitae vita verre aft: 1 
Tatra vteren wt wT BAT 11 
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sect taut gar aren asaferet AAT 
Vakraanuvakraa vikalaa mandaa mandatharaa samaa 

thathaa sighratharaa seeghraa grahaanaamashtadhaa gathi: 
thathraathi seeghraa seeghraakhyaa mandaa mandatharaa samaq 

rujveethi panchadhaa jneyaa yaanyaa vakraadhikaa mathaa 
Vakra; beginning of regression, ativakra; maximum 
regression, kutila; end of regression and beginning of direct 
motion, manda; (slow), mandathara (slower), sama, (mean) sighra; 
(fast), and sighrathara; (faster). The first three are different types 
of retrograde motion and the other five are various forms of 
direct motions, For both set of inferior and superior planets, the 
observer sees from earth that they move steadily in different 
* ways... forward, retrograde, mean motions, faster or slower. Also 
sometime attain a drastic change in their speed. Some of these 
changes are due to the movement of the earth in its elliptical orbit, 


Anulomagathir vruthhe mandagathiryo graho bhramathi 
anulomagaani mandaath prathilomagaani vrutthaani 

In the process of the revolution of the planet in a circular 
path, from a manda speed, the planet moves clockwise and from 
sighra it moves anticlockwise (Nilakanta's commentary for 
Atyabhateeya - page 67). 

He has used the word Apamandala which can probably be 
the elliptical orbit. Since the apogee and perigee concept was 
cleraly known during his period, one can interpret his Sanskrit 
commertary in this way also: 
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Kakshyaayaa: prathimandalam kakshyaaprathi mandalam 
thena margena gacchantheethi kakshyaa prathi mandalaa 

senunbbramanthi vrutthaakaarena paryatanthi 

The Orbit which is eccentric/elliptic is known aselliptical 
orbit, movement through that orbit is the elliptical movement 
(Nilakanta's commentary - page 42) 

Lallacharya has used the terms equivalent to those used in 
modern astronomy for defining the motion of planets, The mean 
circular orbit, mean motion etc, were correctly used here. | 


water TereeN TET TMT: EAM 11 
Maddhyamakakshyaavrutthey gacchathi ‘grabogathyaa 
uparishtaath thallaghvyaa thadadbikagathyaa vadbastha:syaath 
A planet moves along its mean circular orbit at the rate of 
its mean motion. When it is above its mean orbit, it moves at 
slower rate and when below, at a higher rate (Sishyadhi vruddhi 
Tantra 19-37) 
The directions of movement given by him for all planets 
are in agreement with that of modern astronomy both for direct 
and retrograde motions, 
wat are Freie creefr ae: oy | 
wren akbar way cer 11 
Vakree gaathyaparaasaam nisargatho gacchathi graba: praacheem 
hranthyaa yaamyodeechyorgrahas gathirevam bhaveth shoddaa 
A planet naturally moves to the east, but when retrograde, 1 
to the west, it is drawn north or south by its declination. Thus; 
the motion of planets are of six kind (Sishyadhi vruddhi Tantra 
19-38) 


True planet and mean planet: Concept of true planet and mean 
planet is frequently used in modern astronomy which has also 
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been mentioned in Indian books. 
wert wedt at vate @ Fetters | ! 
Kakshyaayaam grabavego yo bhavathi sa mandaneechochhe 

The velocity of a true planet moving on the sigra epicycle | 
is the same as the velocity of the true mean planet moving in its 
orbit. (Aryabhateeyam 3-25b) 

Aryabhatta has correlated motion of the true planets with 
other parameters like: 

wemsfrvsrn waft ad Te: KTATOT | 
Raregeiy vrei a witeteart 1 
Kakshyaa prathi mandalagaa bhramanthi sarve grahaa: svacharena 
mandochhadanulomam prathilomam cha seeghrochhaath 

All the mean planets move in their own orbits and the true 
planets on their eccentric circles, (pratimandalam), in shape. All 
the planets whether they move in their own orbits or eccentric 
circles move with their own mean motion anticlockwise from 
their apogee and clockwise from their sighroccha 
(Aryabhateeyam 3-17) ; 

‘The third chapter in Laghumanasa, describes with details 
and complex mathematical formula, on a variety of calculations 


on true motion of planets and in the second chapter the mean 
motion of planets. 


Motion of planets in angular and linear values: It is known 
that when a celestial body revolves around the Sun during one 
complete revolution it moves through 360°. This angle is 
accommodated in 12 signs, each comprising of 30°. When the 
umber of signs multiplied with 30, degrees in angular 
measurements will be obtained, for converting it into minutes, 
itis further multiplied with 60 and when multiplied once again 
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with 60, the value in seconds will be obtained, For the moon, 
during the revolutions each angular dimention in seconds is said 
to be equal to 10 yojanas. (one yojana is approximately equal to 
12.11 Kilometers), 


There is no proof for the last part of the above statement 
that 1” angular distance is equal to 10 yojana equivalent for moon, 
inmodern astronomy. But it gives an indication of the capability 
to calculate the circumference of the circular orbit of moon and 


come to a conclusion on angular and linear dimensions, Thus 
says Aryabhatta I, 


was eH derma aa-s-7M: 11 
Sasiraasayata chakram theamsakalayojanaani. a-Va-nja-gunaa: 

Reduce the moon's revolutions in a Yuga to sign (Rasi) 
multiplying with 12, this when multiplied respectively with 30, 
60 and 10 gives the total degrees, minutes and yojanas through 
which the moon has moved, will be obtained, (Aryabhateeyam 1-6a) 
Rate of angular motion of planets during their-revolution: 
‘The rate of angular motion( i.e revolution) of planets and their 
apogees around the Sun has been given by Lallacharya upto the 
finest possible angular values. 

From the number of days taken for one complete 
revolution, astronomers calculated the rate of the motion per 
day. These data are given in angular minutes and seconds, The 
angular data given for the Sun is meant for the earth in modern 
astronomy for obvious reason. 


ferrrctefatc: warts; Gree: THT: 
faeitqaret area: fafa: wert: ween fied ear TT: | 
wan fafern sean: veferifaeren at an: 
sea: |yat feared ater: wy: weet: 11 
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Divaakaraadergathiliptikaa: kramaannaveshava: khankanagaa: 
kshamagnaya: sileemukhambho babava: vidhi: saraasthatha: 
shaddankaa dvithayam rasaa gunaa: kramath vilipthaa vasava: 


saraanalaa: shadasvino fayugmagunaa nabbo gajaa:nabha: 
-gathergrabaa: sy: 


hsevedaa: kubsuro divaathyaye 


Dauly mean motion of Sun etc. (Moon, Mars, Sighroccha 
of Mercury, Jupiter, Sighroccha of Venus, Saturn and moon's | 
apogee and node) are respectively 59’8”,790'35”, 3126”, 245'26", | 
5/0, 96'8”, 2°0”, 6°41”, 3°11” (Sishyadhi Vruddhi Tantra 1-40, | 


41) 


There value agree with modern values. Puthumana 


Somaya has given the following angular Velocity for planets in 


Karanapaddhathi 
Tiara fora Sun 59 
(gopaajnayaa dinadhaama) 

cafeschet rf feretit Moon 790° 
(Chandikeso bharga snigdhosow) 
wyatt: Mars 3Y 
(Prabhurdharaachakra pala) 

whgare tira Mercury 245’ 
(Rageethumbururgajeswara) 

vara lary Jupiter 4” 
(Prajnaasanoo dharmavaan) 

weit aaa Ue: Venus 96" 
(Kasi saambasanna chola:) 

wWremat A: Saturn z 
(Prabhalapraajno nara:) 


8” 10%" 43" 


34” 51" 36" 


26" 29°" ay" 


32” 36” 32" 


so” oye 


yyy syn 


o” 23” 32" 


It is for the first time in any ancient astronomical book 
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angular velocity upto to the level of fractions of seconds are 
described in lipta and pralipta units which is one sixtieth of a 
second and one sixtieth of that value. The modern values of 
angular motions are Mercury 245.7’, Venus 96.13’, Earth/Sun 
59.14, Mars 31.45’, Jupiter 4.99’ and Saturn 2. 

Corrections for the motions: In the modern astronomy 
correction of time, degree of motion, etc., are incorporated due 
to the influence of various factors on the planet's motion. This 
approach of giving correction were very common in the ancient 
books dealing with this subject, An example of giving the 
correction to the daily motion of the moon is given below. The 
verses are directly quoted here. 


3 wt efareatea i 
Indoochhonaarkakotighnaa gathyamsa vibbavaa vidho: 
guno vyarkendudo kotyo roopa panchapthayo kramaath 


phale rasaankathadgathyorlipthaadye swarnayorbadhe runam 
chandre dhanam bhukthow swarnasaamyabadheranyathaa 


Multiply the degrees of the moon's true daily motion after 
reducing 11 from it, with R cosine of the true longitude of the 
Sun minus the longitude of the moon's apogee. This is the 
multiplier of the Rsine and Reosine of the true longitude of the 
moon diminished by that of the Sun, divided by 1 and 5 
respectively. This will give the correction, in terms of minutes 
of arc, for the moon and its true daily motion, respectively. If, in 
the above product one factor is positive and the other negative, 
the correction for the moon is subtractive and that for its true 
daily motion additive. If both are of like signs, both positive or 
both negative, corrections are to be applied contrarily 
(Laghumanasa 4-1,2) 
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Le 8°8" cos ($ - U) (Moon's true daily motion - 11) x 939° 
sin (M.- 8). Where 8.M,U denote the true longitude of the Sun, 
Moon and moon's apogee. Here correction for moon and method 
applied for getting its true daily motion are given. Application 
of true longitudes of the Sun, the moon and the moon's apogee | 
hhave been brought in the calculation for arriving atthe correction 
factor. Application of sine and cosine of the angle have been | 
done very systematically 1300 years ago. Correction of motion | 
for planets has also been given by Haridatta 


(Grahacharanibandhana ([-17,18) as: 


Moon = 5s) 10 0740” 4g 
Mars = 2 27 33" or aa 
Mercury = 7s 06° 57” 31” QQ” 
Jupiter = 6s 22845’ 2"" 
Venus = 3s 2 3726" 24 
Saturn = 6 15° OF 19” 42" 


During a fixed period (this period appears to be one 
Mahayuga) the correction that should be applied for each planet 
is given above, S is for sign which is 30 degrees. Application of 
correction for the revolution of the planets, to calculate the 
Position of the planet is as followed in modern astronomy. 


Retrograde motion of planets: Every planet moves in space 
from west to east ie. in the anticlockv-ise direction. This motion 
of the planet is called the direct motivn. As the earth also moves 
simultaneously in space, in some regions of the planet's orbit, it 
appears to the viewer that the planet moves in the opposite 
direction, Le. from east to west. This apparent motion of the 
planet is called the retrograde motion. At some point, the planets 
appear as stationary when viewed from earth. This is known as 
stationary position. A planet atains this position when it changes 
from retrograde to direct motion and also in the opposite. 
Mathematical calculations follow a different formula for getting 
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retrograde parameters for inferior and superior planets. This type 
of motion observed from the earth, is due to the rotation and 
revolution of the earth. Almost all the Indian astronomers have 
described this subject. Lallacharya has given the following 
observations: 


Gunanrupathibbirbaanaabdhyakai: saraakshanisaaharai: 

sararasa kubbirviswakshmaabbirlavaischala kendraje 

bhavathi niyatham vakraarambha: kujaadinabba: sadaam 

punarapi bhavedvakrathyaagaschyuthaisthu samandalaath 

Retrograde motion of the planets beginning with Mars 

(Mars, Mercury, Jupiter, Venus, Saturn in that order) commences 
when the Sighrochakendras (apogees) are respectively 163°, 145°, 
125°, 165° and 113°. When sighrocchas are respectively 360° 
minus each of these values their retrograde motion ceases. 
(idhyadhi vruddhi Tantra 3-20) 


Lallacharya has also given the number of days of retrograde 
motion of the planets. Bhaskara I and Varahamihira have made 
such observations. Lallacharya's quotation is given here: 


Tae: Sa Ueraeat awareness: 
Ta Grempripitcn: sam: aa 11 
‘Rasarasaa: kramasa sasibaahavo yamanisaakarascetha mareechaya: 
armasaraa yegapacoakea bocomayaaomngugatherdivusac:kathithaa:kgjaath 

Retrograde motion of the planets Mars, Mercury, Jupiter, 


Venus and Saturn lasts for 66, 21, 112, 52 and 134 days respectively 
(Sishyadhi vruddhi Tantra 3-21) 
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These numbers can be obtained only if the astronome, 
have a deep scientific observation skill in planet watching. Period 
of retrograde motion of planets in number of civil days are give, 
by Vateswara: 


ager: sae stadt Freafem: 1 
Pancharthava: kudasraa baahusikaadvishavo dvigunachandrag: 
‘uakradinaanyurveejaani niramsadina sodbithanyrajuni syu: 
khaashtanagaa rasarudraa navanavaraamaa: payodhi deepavanaa: 
‘vasu salagunaa: kramaso bhoumaadeenaam niramsanisaa: 

The number of civil days of retrograde motion for the 
planets (Mars, Mercury, Jupiter, Venus and Saturn) are 65, 21, 
112, 52 and 132. These numbers are subtracted from the days of 
their synodic period and days, of their direct motion. 780, 116, 
399, 584 and 378 are in days the synodic period of planets (in the 
above order) (Vateswara siddhanta 2 (4) 10,11) 

‘Vateswara and Lallacharya differ only in the cases of Mars 

and Saturn. 
Studies on tracing planetary motion: Observations on the 
motion of planets have been undertaken with great scientific 
accuracy. Rate of motion, number of days during when a direction 
is followed, etc. were systematically studied by Varahamihira in 
Panchasiddhantika. He has given details for every planet. For 
Mars he describes thus: 


wafand fea(eqya: get aqufa(fa) wran(s)fe: 
area (a) site: waen(qa)isea aati: | 
wegen) deci a wiea fee: eraiR(eM:) | 
afta: warest fret frert (afa:) 1 
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‘Shadbisharya sth dry) na: drashto vasudlmuahsi (Obi) ramsaka (a) si= 
sashta sathena (cha) shasbti saptha thyaa thryadbikayaa navathi: 
shashtyaashta yuktheya (iq) thadalam cha kbaasvi dvikat: suaraadrighmaa: 
asthamitho atha: sapthaashtakena thithayo niramsaga (gathi) 

Mars is seen in its longitude in more than 15°, then within 
188 days it moves through an angle of 60°, during next 108 days 
60°, next 72 days 90°, next 68 days 50°, next 240 days 70° and 
then sets. (total days 768 and total degrees equal to 360°) 


(Panchasiddhantika 16-68, 69) 
‘Mean motion of Mars per day is given by Bhaskaracharya I: 


fenhrey vette waferimnfet q fear: | 
yearn frre: een dey ae 1 
Doikanighne grahadehe svavimsabhaagarabithe thu lipthaadyaa: 
panchaasadamsa vikalaa: kshonyaa bhaumo raverardbe 


Multiply the grahathanu by two and subtract 1/20 th of 
itself from that,. These are minutes etc., Then divide the grahatnu 
by 50. These are seconds, Add these to half the Suii's longitude 
that is the mean longitude of Mars. 

Grahatanu is defined as the number of years elapsed since 
Kaliyuga x 360 (Mahabhaskareeya 1-38) From this mean longitude 
the motion and period can be concluded. 


WRA ve(aearta) Tere (1) HAA aa | 

avert awd vitat (eritfertal yat ween) 
wrtien carat) frierrt (fnfeient) eater at: 1 

seagate ae vfrarte() wa aT: 
Praagudaye shatchathvaaryeka mashtaadasaga sthatho vakram 
aadbyyardlwam cha satham sighram sthathoasthamitho dyoonam shashtyaa 
swnatheethyaa dasatbriy thar ninarnsegalho athacabrinsatham vyathoethya 
huja: udayamupayaathi vakshye gathi chaaradina krame chaatha: 
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After rising in the east, Mars moves 146° in quick motion 
and then 18° slow motion, retrograde and after that 150° of quick 
motion, then setting, it reaches conjuction, in 60 days moving | 
13 plus 30 degrees (43°). Then it rises moving same degrees in the 
same number of days. (Panchasiddhantika 18-25,26) 


Dasabhirdvaadasaheena: praaguditho manubhiroona nandaamsaa: 
dbruthibbi: sanavo asthamitha: thrimsaad bhirudethi sarasaasvi: 
ashtaadasabhi sanava: shodasabbischaarka varjitho asthamitha: 
paschaadvasubhir navaarjitho niramsam budbo yaathi. 
When Mercury is behind the Sun by 12°, within 10 days it 
rises in the east. During 14 days it travels 10°, then for 18 days 
9°, and it sets, for 30 days it travels for 13° and rises in the west, 
then for 18 days 9°, 16 days 8°, it travels and sets in the west. 
Then for 8 days it retrogrades by 9° and then reaches the starting, 
point, called niramsaka means 0°, the starting point (Pancha 
siddhantikea 18-71, 72) 


fa wed gee uptder qafratct a 
Faes Te VENA, Bia: Fe a 


fern OH ard eReicatfetrtat: 

Dina shashtyamsaan duaadasa khakruthairvedaan kruthaasvi 
bhidvow cha saptaashtakena vakree shad bhaagan shashtitha: 
shat chaanuvakro aseerthyaarkaan duyoonardhasathena nava thatho 
asthamitha:stithoaa saikam maasam sphutodayoashtottharai rangai: 

By 60 days, 12°, by 40 days 4° and by 24 days 2° becoming 
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retrograde by 56 days, it moves 6° (.6°) and by 60 days 6° (6). 
Following after retrograde it moves 12° in 80 days and 9° in 48 
days. Then setting, staying so for a month + one day. Jupiter 
clearly rises moving at 6°8’. (Panchasiddhantika 18-12,13) 

All the above values are accurate except the last value of 
6°8’ which according to modern astronomy is 6° 12’. Le. a 
difference of about 4 minutes in the angular dimension for the 
total period. Astounding level of accuracy can be seen! 


Lallacharya has given the method for calculating the 
position of Jupiter in longitudinal angles. This longitude could 
becalculated only by applying the correction factors for the planet. 

rrememenivatht went saya fart, 

Saraghnamabdlyakshagunaamsavarjitham kalaadi jeeva 
dhruvake divaaganam 

Mean longitude of the Jupiter is obtained by adding to its 
dhruva (at the end of the previous year) in minutes equivalent to 
5 times the ahargana diminished by its 5/354 (Sishyadhi vrudhi 
Tantra 1- 36b) 

farwttersfaeta: urgfer feafa(fa)te(a) Het 

agpenta(ep pater: aera) 1 
yards wen: Fifa fae: weer | 
Sit Feereret waft set faerie: 11 
Vishayairnavaka vibeena: praaguditha sthithi bbirekaya maheena 
vasukruthyaathi thyoonakruthaashtibhi: sapanchaka thrimsath 
panchaashtakena sadasa: nirantho vilomaga: paschaath 
udethi niramsakaale prayaathi chaastham vilomagathi: 


Fove 5 days, Venus retrogrades and rises in the east, then 
for 15 days further retrogrades through an angle 21°, further for 
208 days 15° retrograding, for 12 days 5° moves forward and 
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sets, Then it travels for 10° during 48 days and becomes niramsaka 
(Panchasiddhantika 18-77,78) 


Varahamihira gives similar explanation for saturn also 


wegen ster, affaietareag, ToTETT 
weutiearitt gare ae7A Wey | 
wat fayeeer are fied: gary ak: | 
aaifanaret wee are ee 1 
Shatkruthyaa threenamsaan munibbirliptha scheshu gunaassaptha 
shodasabhischaaseethi kruthonashashtyaa vedayama pakshaan 
vakree vibhoothashashtyaa threenamsaan shashtitha: kruthaan sonra: 
anugoarkasathenaashtow shatkruthyaa chaastago dabanam 


Saturn moves 3° in 36 days 35’ in 7 days, 80’ in 16 days and 
22’ in 56 days. Then becoming retrograde, it moves 3° in 55 days 
and 4° in 60 days then following direct motion moves 8° in 112 
days and setting, it moves 3° in 36 days in the set period and rises 
in the east. (Panchasiddhantika 18-19, 20). 


‘The examples give a notable support for the fact that 
practically this knowledge ought to have generated through 


observational science and skill rather than intuition or the so 
called divinity! 


Going through the general information on the planets, one 
has to search for the scientific understanding of the planet earth 
which remained mainly as a bundle of superstition till the 15th 


century in the West. Hence the ancient Indian knowledge on 
planet earth is also traced in the next part. 


Studies on the planet Earth 


_ In modern and ancient astronony, the earth has been a 
subject of great interest and importance, Upto Copernicus, 
Galileo and Kepler, there was a belief that the earth was plane. 
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‘The story of Columbus who went in search of new landscape 
and continents, is really amusing. The travellers, who 
accompanied him feared that they may fall to the depth, when 
they reach the edge of the plane earth. Surprisingly it was not a 
story, but a history, which occured in the 15th century AD. 
However there was absolutely no such superstition among 
Indians on the size and shape of the Earth. In Vedas, Itihasas and 
Puranas, the common use of the word Bhoogola (pherical earth) 
clarifies the shape of earth as Gola i.e spherical. Aryabhatta in 
499 AD has defined the shape and composition of the earth: 


wpitet: wdat gar: 
Mrujjalasikboiveynmayobhoogola sarvatho vruttha: 

Spherical earth made of soil, water, fire and air is circular 
(when viewed) from all sides i.e it has spherical shape 
(Aryabhateeyam 4-6) 

This definition is complete and it was given more than 
1000 years before Columbus and the above modern scientists, in 
whose names many discoveries on the nature of earth were 
attributed to. If earth is spherical then why we see it as plane? 


Answer has been given here by Indian astronomers to this 
common man's question! 


Prakeruthyaa vrutthaakaaraiva boo: thasyaa vikriyamaanathaath 
10 viseshasthenaapi na vrutthakaarathayaa haani: syaath 
naapekshayaa nimnonnathathaa 
parimaanasyaathya Ipathvaadithi 
Naturally (when viewed from a distance place) earth is 
spherical throughout. Due to the large area, one does not feel’ 
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that it is circular (spherical) because we see only a small part of 

earth and also ups and downs on the surface of the earth, 

(Neelkanta's commentary to Aryabhateeyam. Golapada 2-8) 
Lallacharya has described the shape of the earth thus: 


TRC FEN: BA: | 
* omenfirrgdifd vases ype: 
Gaganamarudaagni jalamrunmayo mabaabbootha gunayutha: khastha: 
kakshaabbiraavrutho fayam bhapancharaanthascha bhoogola 

Spherical earth, made of ether, fire, air, water and clay 
(Panchabhoothas) and thus have all the properties of the five 
elements, surrounded by the orbits and extending upto the sphere 
of stars, remain in the space (Sishyadhi vruddhi Tantra 17-1) 

He has commented on why the earth looks plane and 
answered, using mathematical approach. 

wake: waivemforren: wera grat | 
wien wer war net fast aa ada eR 1 
Praguna paridhe:sathaamsako ganithajnaa: kathayanthi drusyathe 

prathi bhaathi thadaa samaa mahee vishaye yathra thathaiva gamyathe 

Mathematicians say that one hundredth of the 
circumference of the earth appears to be plane. So, that portion 
of the earth appears to be plane to an observer (Sishyadhi vruddhi 
Tantra 20-35) 

Lallacharya has further explained the reason for the planar 
appearance of the earth. 


‘aftr: fats verat wr verge aia: | 
wearin fea gem straq feet 1 
Paritha: kshithije pradrusyathe gaganam sangamupaagatham nrubbi: 
thasyaavaniranthare sthithaa susamaa darpanavad vibhavyathe 
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_ To men, the sky appears to meet the earth all round the 
horizon. The earth thus surrounded appears to be plane like a 
mirror Gishyadhi vruddhi Tantra 20.37) 


Varahamihira and Aryabhatta have defined the golayantra 


(now we call as globe) which is a prototype of earth with lines of 
longitude and latitude on it: 


Samavnuthaprusstamaanam,  prasaadlyya daarumayam 
sthagithaarka samaankitha kala bhogarekaadvaye paridhov 


Perfectly circular throughout and spherical, made of wood, 
marked with degrees and minutes, incorporated with lines both 
longitude and latitude lines at ends, is the golayantra. 
(Panchasiddhantika 14 -23) 

Aryabhatta I was definitely the first to write on the rotation 
of the earth, Hence he added this aspect of the rotation of the 
earth also while defining the globe. 


Rar Maga MAR: TALE ee They oredr 
wer, cater I are 11 
Kaashtamayam samavruthham samanthatha: 
samagurum laghum golam paaradathaila 
jalaistham bhramayeth svadhiyaa cha kaalasamam 

Made of wood, fully circular, uniform , equally dense 
throughout and spherical shaped golayantra, which rotates at a 
fixed rate of time as the earth does by the help of mercury, oil 
and water, by the application of our intelligent calculation, is 
the golayantra-Globe (Aryabhateeyam 4- 22) 


Aryabhatta and others have not only mentioned the 
spherical shape of the earth, but also have given the diameter of 
the earth correctly. They used the unit of measurement, yojana. 
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Aryabhatta has defined the yojana, using which an equivalent 
term in modern measurement, can be obtained. However, in 
puranas, yojana unit was used for a different dimension. 
Aryabhatta's yojana is well definied as 8000 times the average 
height of a man (nara = Nr). Using this unit he has given the 
diameter of earth, (Aryabhateeyam 1-7): 


Nrushiyojanam, njilaa bhoovyaaso 

8000 Nr units is equal to one yojana. The diameter of earth 
is 1050 yojana. 

Ithas been estimated that one yojana can be approximately 
12.11 km. (explanation given in the Aryabhateeya published by 
Indian National Science Adademy). Thus the diameter of the 
earth in kilometers is 1050 x 12.11 km. The result gives 12716km 
which is very near to the correct value of earth's diameter ie 
12756 km. Lallacharya has given equatorial circumference of the 
earth which can be obtained by multiplying the diameter of earth 
with 3.14, Ie 3.14 x 1050 yojanas. 

want aertet at a: werefinaitfer faegit: 
freraren, vermchnit eae aetiedet wat 
Khakhamaraa yojanaveshtanam bhuvo nabha: 
saraabbrakshithayoasya visthruthi divaakaraghnam 
palakarna bhaajitham sphutam maheegola kaveshtanam bhaveth 

___ The circumference of the earth is 3300 yojanas. Its diameter 
is 1050 yojanas, The mean circumference of the equinoctial 
shadow (palkarna) of a place gives the corrected circumference 
at that place (Sishyadhi vruddhi Tantra 1-43). 

The modern value for the circumference of the earth is 
40090.3 km whereas Lallacharya's value is 39964.5 km. This 
variation in Aryabhatta's or other estimation may also be due to 
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the fact that the Yojana is taken as 12.11 km. Any minor 
variation even in decimal place can contribute to the variation in 
original value, significantly. 

Lallacharya has also given the surface area of the earth. 
Howerver this value is not correct, because the equation for 
calculating the surface area of a globe should be 4 x 3.14 x rx r. 
whereas Lallacharya has calculated the area using V10, for 3.14. 


cnifrciqeannprerrrererraeprepraneas: | 

aera afe: wear weg SRT | 
Nagasileemukha bana bbujangama jualana vabni rasedugajaasvina: 
kucvalayasya babi: pariyojanaanyatha jagu: khalu kandukajaalam 
The earth surface is said to have an area, externally which 


is like a net enclosing a ball of 286338557 sq.yojana Gishyadhi 
vruddhi Tantra 17-11), 


Lallacharya has refuted the belief that the earth is of infinite 
size using the logic that a circle has 360° which is 21600’. He 
argued that how, there can be infinite size. 

werqaatin: wen wea aed cafe: 1 

aaa Ferrera we wet 
Khakhashat kunyarairmithaa: kalaa grahachakre valaye vyavasthithaa: 
suaphalasya kruvrutthayojanai ranupaathaadamithaa katham mabee 

By using the above circumference of earth in yojana, it is 

found by means of simple proportion that the circumference of 
the circle of one revolution of a planet consists of 21600 minutes 
(angle). Then can the earch be of infinite size? (Sishyadhi vruddhi 
Tantra 20-32) 
Cover above the earth: Lallacharya says that there are seven 
layers of cover above the earth. This explanation resembles well 
with the several spheres known to astronomy like troposphere, 
mesosphere, stratosphere, ionosphere, exosphere, etc. 
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oe: yas serer dae: quidat aet | 
WARY Var: Uae: Fifa: ATA: 11 
Aavaba: pravaha udvabasthathaa samvaba: suparipoorvakow vahov 
sapthamasthu pavana: paraavaha: keerthitha: kumarudaavahaaparii: 
Avaha, pravaha, udhwaha, samvaha, suvaha, parivaha, 
paravaha are the seven layers above the earth. And the atmosphere 
where the air is blowing is the avaha layer. (Sishyadhi vruddhi 
‘Tantra 18-1). 


Circumference of avaha layer of atmosphere'is also given 


Circumference of the atmospliere which surrounds the 
earth is 3375 yojanas and the wise maintains that, it has a diameter 
of 1074 yojana. (Sishyadhi vruddhi Tantra 18-2). 

This when converted to kilometers by multiplying with 
12.11, it will be come 1073.9 yojanas x 12.11 km. and taken as 
the radius. We can see that the height of the atmosphere will be 
about 6502-6357 = 145 kilometres from the surface of the earth, 
It has been proved that air molecules are seen upto this height 
above the earth and the actual height of the atmosphere is 100 - 
120 km. Thus there was also an awareness on the space above the 
earth, which is at par with modern astronomy. 


Rotation of earth: It was believed that the celestial bodies and 
planets revolve around the earth and the earth stands stationary. 
This belief was deeprooted, and nobody was permitted to 
scientifically search beyond this belief in the European countries, 
Galileo was even punished in the 15th century for telling the 
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available ancient Indian literature it can be seen that, Aryabhatta 
was the first to say that the earth rotates by itself and revolves 
around the Sun, with details and mathematical data, 

a Praanenaithi kalaam Bh0O.u.. 


(The earth rotates through an angle in the orbit) at the rate 
of 1 minute per 4 seconds (Aryabhateeyam 1-6) 

(Unit of time mentioned here is prana which is the time 
taken for one respiration) 

Aryabhatta has correctly defined the prana unit of time 
equivalent to the duration of one respiration. This rate of earth's 
rotation given by Aryabhatta is correct. The earth rotates 21600' 
of the angle in 24 hours (i.e in a day) which means in 4 seconds it 
rotates at the rate of 1' of an angle. It is important to mention 
here that some of the ancient Indian scholars did not accept 
Aryabhatta’s theory of earth's rotation. Even though there are 
different commentaries on Aryabhatteeya they focus this subject 
with diversified interpretations to explain Aryabhatta's view. 
Aryabhatta has given explanation and proofs to explain the 


rotation of the earth. He has also said that days are formed due 
to the rotation of earth: 


seh Sear Area: 11 
Ku aavarthaaschaapi naakshathraa: 

The rotation of the earth is the cause of days 
(Aryabhateeyam 3-5). Aryabhatta has given the numerical values 
of the number of rotation of the earth which is the same as that 
mentioned in modern science. This is perhaps the most authentic 
and solid proof given by Aryabhatta for the rotation of the earth 
(in one Mahayuga i.e during a period of 4320000 years.) 
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EMI Wy_I mo. 
Ku ngi si bu nlru shru kbru praak 

Eastward rotations of the earth in one Yuga is 1582237500 
(Aryabhateeyam 1-3). 

If this number is divided by the number of years in a 
Mahayuga (4320000), we get the duration of one solar year in 
number of days as 366.2586806 and one less than this (due to the 
revolution of earth around the Sun) is 365.25 which is the number 
of days in a civil year. This is the most important and projectable 
mathematical proof given by Aryabhatta. 

Aryabhatta has further explained the reason for the 
observer seeing the celestial body revolving around the earth. 
He has also compared this phenomenon with a passenger's 
observation while travelling in a boat. 


arpa afer: wwaeract facet at | 
arent i wet wien ce 
Anulomagathirnoustha: pasyathyachalam vilomagam yadvath 
achalaani bhaani thadvath samapaschimagaani lankaayaam 

Just as a man in a boat moving forward sees the stationary 
objects as moving backward, so are the stationary stars and 
celestial bodies seen by the people at equator (Lanka) as moving 
exactly towards west. (Aryabhatecyam 49). 

This statement does not need any further explanation. It 
states correctly that the rotation of the earth from west to east is 
the cause of the observer seeing the movement of the celestial 
bodies from east to west. 

Many contemporary (to Aryabhatta) Indian astronomers 
did not accept the earth's rotation theory. Proof of this can also 
be seen here. Brahmagupta, a scholar of the period of Aryabhatta, 
questioned, the view of Aryabhatta on earth's rotation. 


wit sot ae ae er aq ere 
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agai vat ayRPT: FEM | 
Pranenaithi kalaam bhooryadi tharbi kutho vrajeth 
hamadhyaanam aavarthana murvyaa schenna pathanthi 
samucchrayaa: kasmath 
earth rotates at a speed of 1” of an angle in 4 seconds, will 
not the things on the loft fall? Where does the earth go in this 
speed? (Brahmasphuta siddhanta 11-17). 


‘This question was put forward by Brahmagupta to refute 
Aryabhatta’s theory of earth's rotation. Bhaskaracharya I im his 
commentary for Aryabhateeya (Aryabhateeyam 1-3) has not 
included the number given in the above lines on earth's rotation, 
but did not omit any values for other planets. This obviously 
shows that Bhaskaracharya I has also not agreed to this concept 
put forth by Aryabhatta. Lallacharya also questions the theory 
of earth's rotation: 

cafe a uate mar eaqert : aM: | 
wri: watantrrrt ut 
Yadi cha bhramathi kshamaa thadaa svakulaayaam 
kathamaapnuyu: khagaa: ishavo fabhi nabba: 
samujnjithaani pathantha: syurapaam patherdisi 

If earth rotates how could birds come back to their nest, 
Moreover arrows shot towards the sky would fall towards the 
west (Sishyadhi vruddhi Tantra 20-42). 

These objections from some astronomers arose because, 
Aryabhatta has specifically described the earth's rotation. These 
objections are cited here to stress that even before Galileo and 
other Western astronomers, specific knowledge on the earth's 
rotation, existed in ancient India. Varahamihiras words are proof 
of the ancient Indian theory of the earth's rotation: 


ciaft ufhfteta fisfaftert aha deren: 
wed wren: 7 a: wae: 1 
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Boramathi Uoramisthitheva ksbithivithywapare vadanthi 
-yadyevam syenaadyaa: na khaappuna: svanilayaraupeyu: 

‘The Axis of earth extends right up and right down to the 
sphere. The stellar sphere, bound by the axis to the east, rotates 
by the wind system called pravaha, Others say that the earth 
rotates on its axis, like an object placed at the hub of a wheel, and 
not the stars. (Panchasiddhantika 13-6). 

He, further said.... "then the eagle etc, flying up into the 
sky will not reach its cage if earth rotates", Varahamihira was a 
contemporary scholar astronomer to Aryabhatta I. 

Hence Aryabhatta I is the first Scientist who discovered 
that earth rotates, 1000 years before Galileo, 
Days and Rotation of the earth: There was avery clear idea on 
the civil and sidereal days.and their number, duration and 
corrections were well documented. Aryabhatta has stated that 
days are formed due to the rotation of earth (Aryabhateeya 35), 
(Quoted earlier). The number of rotation of earth in a Mahayuga 


has also been given by him from which the number of days, can 
be determined for a year. 


yore frctorremcsahetsfecon srr, oe 


Vyomaakshi panchevishayesbu bbuoayuthaghnaa:prokhaa yuge 
arkadivasea: Khagunoddbruthaasthe avasubbarnban. 
kbabbra vabni vyomaankaseethakaranaadivasaa himamsor 
borucchileukbabhieva: kshithivaasaraa:syu: poornaabbrasayaka 


Lallacharya gives the number of solar days in a Yuga as 
155520 x 10000, this divided by 30 gives the solar monthe and 
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the number of lunar days which is equal to 10603000080. The 
number of civil days is 1577917500 and the number of revolution 
of asterism (sidereal days) is 1582237500. (Sidhyadhi vryddhi 
Tantra 17,8). 

‘These values agree with the modern values, From this the 
number of civil days and sidereal days, in a civil year and a solar 
yearcan be calculated. The above numbers are divided by 4320000 
aumber of years in a Mahayuga). We get 365.2568 and 366.2568 
asthe number of civil days and sidereal days in the above years. 


Sidereal and civil days are clearly defined by Vateswara, in 
Vateswara siddhanta: 


wer fern BAe A Aa Et aft mera | 
eufratrargreeraitrerdt a ait wee 1 
Pranena liptha samudethi poorve bbuje apare astham vrajathi grabascha 
siuabbudeths lpthaayutha chakralipphaabbogasama thena yathoy 
The circle of asterism rises on the eastern horizon and sets 
on the western horizon at the rate of one minute of an arc in one 
respiration, A planet, on the other hand on account of its own 
motion has its diurnal motion equal to the minutes in circles + 
minutes of its own motion and so it rises & after so many 
respirations have passed, A Star rise after every 24 sidereal hrs. 
The Sun rises after every 24 sidereal hrs + (59 min 8 secs)/15 
(Vateswara siddhanta 1 (7)-24). 
That is 24 hrs. 3 min. 56 secs. The same value is given by 
modern astronomy for mean solar day. Definition for the sidereal 
and civil days are given by Vateswara in numerical value:. 


phyfermenferereargha: arert afeerarerat fire: 

a og oReafaren stem: waferrigm: 11 
‘Scorya bhukthi kalikaasamasubhi: savano bhadivasaadyatho f adbika: 
thena soorya parivarthasarvanaa bhodayaa: syurinaparyayaiyuthaa: 
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Since a civil day exceeds a sidereal day by as many ‘asus’ as 
there are minutes in the Sun's daily motion, the number of rising 
ofa star plus the number of revolution of earth (Sun) is equal to 
the number of civil days ie the duration ofa civil day = duration 
of a sidereal day + 59 and 8/60 asus. 


Civil daysin a Yuga = rising of star in a Yuga + revolution 
of (earth) Sun in a Yuga which is equal to sidereal days + Sun's 
(earth's) revolutions. (Vateswara siddhanta - Gola 4-1). 


Vateswara has given the number of terrestrial civil days in 
a Yuga: 


FUR AAT eT: LTA 
Poorer: Gara: way Reageaafe: are yRarer: 11 
Jaladbara rasapanchakshma bhrudagnidvipaksha 
drighanasara sasaankaa : 
syuryugeamee nijabhagana viheenaa: khecharasyodayaa: 
praak dinakrududayaraasi: saavano bhoodinaakbya: 

1582237560 is the rising of the asterism in a Yuga. This 
diminished by the revolution of a planet gives the number of 
rising of the east of that planet in a Yuga, Number of rising of 
Sun is called terrestrial civil days. (Vateswara siddhanta 1(2) - 1) 


‘The number of revolution of asterisms is 1582237500, one 
year = 366.2586 civil days, this minus the revolution of earth in 
Mahayuga i.e 4320000 gives the sidereal days or the rising of the 
Sun: 1577917500 + 4320000 one year = 365.2586. 


Achyutha in Sphutanirnaya has given the number of days 
in a Kalpa in which one Kalpa is 14 Manwantharas. Each 
Manwantara is 72 mahayugas and each of that comprise of 
4320000 years. The number of days in a Kalpa is thus given in 
bhootha sakhya as : 
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stron enifeter aequeateraaratecteetatra: 11 
.. Bhaganaa dhaathree dinowghaa navendoobbraa 
thyasbtisaraadrichandranawa sailaadreeshu sethaam sav: 
Number of days in a Kalpa is 1577917517019 

(Sphutanimnaya Tantra of Achyutha 57) 
Observations on the earth in the space : It is said that Indians 
believed the earth is resting on some support. Puranas are quoted 
to explain this superstition. However the astronomical 
observation on this subject was different. The astronomical books 
never said that earth was supported on the tortoise, sea or on 
mountains. It was well known that on all the surface of the earth 
people or living beings exist. No surface of the earth was utilised 
for getting supported on. Thus says Lallacharya: 


spificaren: & yer qa ea 
waar rere year at ps 
Bhooparidbidalaantharagaa: ke nrucchaaye yathaa ieacmncaams 
pg clorenenes nabbasthadadho bhoorupari the bboome: 

‘Those who are at a distance, half the earth's circumference 
from each other, are at antipodes, just as the men are standing on 
the bank of a river and his reflection on the water, the sky is 
above and all the globe earth beneath it. Inhabitants are on all 

the surface of the earth. (Sishyadhi vruddhi Tantra 17-5). 


How the earth is suspended in the space has been explained: 
vera fearadt a car yenifirer | 
wafinratt Terragen qa wa wife 
Bhavanabbaava thulopathulaasvalam sthithavathee 
cha yathaa grubagodbikaa samabbidbaavathi noona 
manaakulaa kuvalasyasya thathaiva janoadha 
Just as a house lizard resting on the ceiling of a house, runs 
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forward without hesitations, so do people on the bottom side of 
the sphere earth (Sishyadhi vruddhi Tantra 17-7) 

This line gives a proof that earth attracts everything and 
holds them on its surface. It is further that the earth has no surface 
to fall or to get supported on. 

fafaterar wrt Tettet waft aeatkereratertt | 
werner qarn 7 weft wa: Fa Tat 1 
Sikbisikbaa gaganam gurumedhineem vrajathi yadvadi 
haasmadaasthithow thalagathaa mithareshuapi thattha thaa na 
thalamasthi bhuva: eva pathathvasow 

In our daily life we see the flame of fire goes towards the 
sky and heavy weight falls towards the earth. In the same manner 
everything that has a surface to reach makes for it. The earth 
however has no such surface, where can it fall? (Sishyadhi vruddhi 
‘Tantra 17-8) 

It has been explained clearly that gravitational pull of the 
celestial bodies keep earth and other planets in their respective 
positions. Force of attraction of magnet was compared with the 
gravitational force of planets and other celestial bodies, 

wafrcaraat sar ferdtfarys: wre; 
Terreniy fe wafert wetitet: 11 
Madbye ayaskaanthaanaam thathaasthithoayogudda: 
‘thamadhyastha: hadvadenaadhaaroapi hi servaadbaaro maheegola: 

Just as a ball of iron which when places amidst pieces of 
cher eas Suspended in space, in the same manner the 
E saitee rte remains in space unsupported (Sishyadhi vruddhi 

Lallacharya used specifically magnets and iron ball. This i 

. This is 
a clear proof of the knowledge on the gravitational force of 
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attraction among the planets and other celestial bodies. Similar 
explanation has been given, on the influence of other celestial 
bodies, by Vateswara: 


thearrfatedt an afer 3 yacritqe: 

eta Neate at wate ye i 
Lohakaanthapariveshtitho yathaa khasthithoapi na pathathyayogudda: 
thacduadeva bhakhagairnivacrithas no puthathyrvidbruthaapi bhooriyam 

Just as an iron ball surrounded by pieces of magnet does 
not fall though standing in the sky in the same way, this earth 
though supportless does not fall as it is prevented by the stars 
and planets (Vateswara siddhanta - Gola 5-2). 

Similar explanations are also given in Siddhanta sekhara 
(15-22)by Sripathy and in Siddhanta siromani (I, ifi.2 (a) by 
Bhaskaracharya IL. Definition of gravitation for attraction of 
celestial bodies is same as the modern concept. Vateswara 
questions the validity of the puranas on the explanation of the 
earth's position in space: 


Seshakoormanagakunjaraadayo dhaarayanthya vidbruthaa: 
shatham nu the theshu sakthi mavadhaarayan katham 
bhoogathaam nu pari varjayanthyalam 

If earth is supported by Sesha ( a serpent) or tortoise, 
mountains, or elephants, how do they (these things) stand 
supportless in the space? (Vateswara siddhanta Gola 5-5) 


Gravity and the related phenomena of the earth have been 
thus attributed by him: 


somfenifeira aft: vitcat fafercicatay, 
oer grad feria: afeaft: eq aia 1 
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Ushnathaarkasikbinorapaam gathi: seethathaa 
sisia ra maardhavam asmanaam suniyatham 
nisargatha: khasthithi: khalu mahee viyathasadaam 


Just as warmth is the natural property of the Sun and fire, 

motion that of water, coolness that of moon, and hardness that 
of stone, in the same way to remain suspended in space is 
undoubtedly the natural attribute of the earth. (Vateswara 
siddhanta - Gola 5-9) 
Gravity and Earth : Other than what is mentioned above as the 
gravitational force, Bhaskaracharya Il has specifically defined the 
gravity. He has also given the reason for the solid bodies falling 
from the sky to the earth. This description was given about 400 
years before Sir Isaac Newton, who according to modern 
astronomy discovered gravity of earth, while watching the falling 
of an apple !. 


spies He TT a Get ye eye caereeT | 
ape cede wit wa wm Fa wer B11 
Aakrushti sakthischa mahee thayaa yath kbastham guru 
suaabhimukham svasakthyaa aakrushyathe thathpathatheeva 
bhaathi same samanthaath kva pathathyayam khe: 

This earth attracts whatever solid materials are in the space, 
by her own force of attraction towards her (earth). All those 
subjected to this attractional force fall, to the earth. Due to equal 
force of attraction among the celestial bodies, where can each 
among them fall? (Siddhanta siromani - Bhuvanakosham 6) 
This gives the correct explanation similar to that given by 
Newton. 

Four quadrants of the earth: Ancient Indians have explained 
the shape of the earth and have commented on other sceatifc 
concepts related with the earth. They had in depth knowledge 
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con the geography of the earth and its various phenomena which 
are attributed to the earth due to its spherical nature. These 
extrapolations and observations were also done correctly. The 
observers standing in four quadrants of the earth see the Sun in 
different ways and it is explained precisely by Aryabhatta and 
others: 
seat at cearat afer: afrata faegt 
mere aaa trefetAtr ea 1 
Udayo yo lankaayaam soasthamayo: savithureva siddhapure 

mailyabno yavakotyaam romaka vishaye ardharaathramsyaath 

When it is Sunrise in Lanka, the same Sun sets in 
Siddhapura. It is noon in Yavakoti and midnight in Romaka 
(Aryabhateeyam 4-13). 

This is the finest example to show the four cities known, 
have four different time and vision of the Sun. It is said that 
Siddhapura may be the present Guatemala of South America, 
which is nearly on the opposite side of Ujjaini. Romakais modern 
Rome and Yavakoti can be a place 90 east of Lanka i.e four cities 


exited in four quadrants of earth. Lallacharya gives similar 
explanation, 


seater wer ye wat safe fesgtert TI 1 
fore arateqt ct wifi a tee 1 
dinadalams yarnakoti pure rave rajani madhya mupaithi cha romake 
‘When the Sun rises in Lanka, the abode of Rakshasa it sets 
simultaneously in Siddhapura. When it is midday in Yavakoti, it 
is midnight in Romaka (Sishyadhi vruddhi Tantral7-12) 
____ Lallacharya gives position of above cities on the earth and 
included in the list the north and south poles. This definition is 
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yet another example of excellence in astronomy. The word 
‘transversely’ carries a lot of modern geographical knowledge, 


Etheyalasthalatho meru: sthalago asuraalayo jalaga: 
kuparidhi paadaantharagaa: manyanthe thiryaganyonyam 

‘These cities mentioned earlier are on lands. Meru (north 
pole) is on the land and south pole the abode of demons is 
surrounded by water. All these six places are believed to be 
situated transversely at a distance one fourth of the earth's 
circumference, each from the next (Sishyadhi vruddhi Tanra 17-4) 
ie The four cities separated by 90° and south and north poles of 
earth together makes six locations. 


Brahmagupta has repeated Aryabhatta's lines 
(Brahmasphuta siddhanta 11-12). Varahamihira gives yet another 
set of cities in Panchasiddhantika. Even though he was 
contemporary of Aryabhatta, he refused different cities. 


When there was no communication facilities similar to what 
is present now, the position of these cites could be understood 
by mere extrapolation of the observations. And that was done 
with perfect scientific approach and accuracy during a period 
‘when the people of different country thought that the earth was plane. 


North pole and south pole of the earth: Two poles of earth, 
Arcticand Antarctica circle were also well defined. Unlike other 
explanations these two places were correlated with alittle puranic 
knowledge also. North pole is called Meru and is the abode of 
gods and South pole, the Bhadavamukha is abode of demons. 
However these appear to be synonyms used for convenience and 
no puranic stories are mixed with geographical information and 


descriptions. 
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ta: watt whenigngiedieam: wer | 
at armend <acaqe tat: 11 
‘Devaa: pasyanthi bhagolaardhamudangmeru samsthithaa: savyam 
‘ardbram thuapasevyagatham dakshinabadavaamukbe prethaa: 

Gods (those who are living there) living’in the north at the 
Meru mountain (north pole) see one half of the Bhagola as 
revolving from left to right (clockwise), the demons living in the 
south at Bhadavamugha - (south pole) on the other hand see the 
other half as revolving from right to left in the anticlockwise, 
when they face each other (Aryabhateeya 4-16). 

When the people of north and south pole face each other, 
movement of the celestial bodies can be from right to left and 
vice versa. One half of an year, the north pole and other half, in 
| south pole very little sun light is available and practically the 


Sun is out of sight. 


vfaeedieia, tar qearaied A wat de: 11 
Ravivarshaardham devaa pasyanthyuditham ravim thathaa prethaa: 

Gods (those who are in the north pole) see the Sun after it 
has risen for half a solar year, so are done by the demons in the 
other half of the year (those who are in the south pole). 
(Aryabhateeyam 4-172). 

‘These lines are given by Aryabhatta after defining the north 
and south poles. Further explanations of these parts of earth are 
given: In the north pole the Sun is seen far lower. East/west 
directions cannot be designated looking into the Sun. Hence 
theoretically there is no direction in the poles. So also says the 
modern science. 


Tid faa qe wet 4 sresoefer | 
set meefed vita G=d aaq 1! 
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sopra wfterarr et aq wren 7 | 
aferarer’ fF at wet wa ATT I 
Merorthadigvibhaago yasmaath praachee na bhaaskaraathhasmin 
udayathe yaavaddivam. sundaree thaavath anumaathra 
darsanaath praagvibhaaga ithi cheth samaardhamithvaa thu 
thasminnevaasthamaye kim vaa praachee bhavetvaparaa 

‘There is no distinction of direction at north pole, because 
east and west cannot be determined there, with the help of Sunrise 
and set, for as long as the Sun stays risen, it goes round the sky 
like a beautiful damesel. It is argued that from the point where 
the Sun just appeared above the horizon east is determined, as 
the Sun sets at the same point after half an year. Can this east be 
west also? (Panchasiddhantika 15-11,12) 

This conclusion appears as though it is obtained by direct 
observation by the scientist from north pole. However it is 
surprising that the knowledge on extrapolation of the known 
facts to get the unknown facts is brilliant. 

Descriptions of arctic circle is given by Aryabhatta as a 
place that covered with ice. The golden colour of the circle is 
also metioned. This appears to be a knowledge impossible to be 
gathered without direct experience or intuition. It is wonderful 
because without seeing the Icoation(?) he has commented about 
north pole which is in full agreement with modern geography. 
Iris a fact that the golden colour is due to the reflection of Sun's 
long range rays on the ice. Because the Sun never comes above 
the poles, only long ranging golden sunrays fall on surface of ice 
showing permanently the golden colour. Exact words of 
Aryabhatta gives this explanation on arctic circle with details. 


Feira: wart fram offrt: 1 
were ae wera: adat ger: 
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Meruryojanamaathra: prabbaakaro himavathaa parikshipta: 
nandanavanasya madhye ratna maya: sarvathovruttha: 

The arctic circle is known as Meru, it is only 1 yojana in 
area, covered with ice, it is the midst of Nandana vana and full of 
gold (ratna) and it is perfectly circular (Aryabhateeyam 4-11) 

‘The experience of an observer when he moves from north 
pole down is mentioned by Lallacharya. Reason has been 
mathematically given using the concept of latitude changes during 
the movement of the observer, from north down to the equator. 

weR fren ated wet yer Ret aE era | 
3m iemesd Ta wn waft aad Tw 
weg ae yaReT a afiniqsaceatafite reat | 
RTT: ISA ATA: wera 1 
Surasuraanaam vishayaad yatho yatho yathaayathaa gacchathi 
>ascha haschana sa thathra thathronna thamnruksha mandalam 
thathaa thathaa pasyathi khaannatham dhruvam bhaveth 
khamadhyaath dbruvakasya yaa nathirbhapancharasyonaathi 
eva saathavaa svalambabhaagaa: svashada q 
naraapasaara: phalayojanairbhaveth 


celestial sphere, the number of degrees in 
ue of ipli gives the corresponding 
length in yojana (Sishyadhi vruddhi Tantra 18.67) 

Varahamihiara has mentioned the angle of vision of the 
qin for the observer in north pole and described the period of 
longest duration of days in the north pole: 


285 


Scanned with CamScanner 


; | 
freq a aqereeragitenr Previa 1 
waft fe erent aAafterrerary | 
Mithunaanthe cha kuvrutthadamsa chathurvimsathi vibaayochhai 
bramatbi: hiraviramaraanaam samoparishtaatthadaavanthyaam 
During the month of Mithuna (June-July) the Sun is seen 
at 24° to those who are at the north pole. Those who are at 
Avanti can see the Sun above their head (Panchasiddhantika 13-10) 
In north pole the day time is maximum during Mesha, 
Vrushabha, and Mithuna months, wheras from the month of 
Karkitaka, night increases. 


paratha: paratho bhabutharamaashanmaasaadithi sumerow 

At that latitude (aorth pole), the Sun can be visible even 
throughout a day, north and north of this place, the Sun may 
not set more than one day, unlike at the north pole it does not 
set for 6 months at a stretch (Panchasiddhantika 13-22). 
Meridian equivalent to Greenwich line: In modern astronomy 
the time is fixed according to the Greenwich meridian line, 
Degree measurement of longitude are counted from this 
imaginary line. In ancient India meridian line was well defined. 
It-was the basis of longitude measurement, as Greenwich line is 
adopted. Meridian line is defined here as follows: 


horse qvecny efavtert da 1 

fats worded at aaa 1 
Poorvaaparmadha oordhruam mandalamatha dakshinottharam chaiva 
kshithijam samapaarsvastham bhaanaam yathrodayaasthamayow 
‘The vertical circle which passes through the east and west 
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pointsis the prime vertical, and the vertical circle passing through 
the north and south points is the meridian. The circle which 
goes by the side of the above meridian circles and on which the 
stars rise and set is the horizon (Aryabhateeyam 4-18) 

‘The meridian line is then defined clearly. Bhaskaracharyal 
gives the cities which are situated in the meridian, These cities 
were famous 1500 years ago, during the period of the author. 


TARA AAA TTI, | 
samen fant tar aranfaenfet 11 


Lankaa vaatsyapuraavanthe sthaanesvara suraalayaan 
avagaahya sthithaa rekha desaanthara vidhaayinee 


‘That line which passes through Lanka, Vatsyapura, Avanti, 
Himalaya, and North pole (Suraalaya) is known as the 
international meridian line (Laghubhaskareeyam 1-23) 

Bhaskaracharya I, Varahamihira, Lallacharya and many 
others have used the words ‘international line’ (Desantara) which 
gives the same concept of the international prime meridian passing 
through Greenwich. Here Lanka is considered exactly 1/4 of 
the circle of the earth (passing through north south poles) and 
hence considered in equator. Equator meets at this point with 
the meridian, 


RTT RTT va 
watt wear: Tegel wer: 11 

Sthalajalamadhyaallanka bhookashyaayaa: bhavedchathur bhaage 

ujjayinee lankaayaa: thachhaathuramse samottharatha: 

From the centre of the land and water ata distance of one 
quarter of the earth's circumference lies Lanka, and from Lanka 
atadistance of one fourth, there of exactly northwards lies Ujjaini 
(Aryabhateeyam 4-14). 
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Ujjain is 24° north of Lanka where Lanka is t 0 (equator), 
Since Lanka falls outside Indian geographical boundary and 
Ujjaini is in the meridian itself, ancient Indians took Avanti ie 
Ujjaini, as the reference line of meridian. From equator point of 
Lanka to north pole it is 90°, one fourth of that angle is 22° 307, 
Hence Ujjaini is at this longitude. As per modern astronomical 
calculation Ujjaini is at 23°, the observation was accurate, Lank, 
has also been given importance as a place where both longitude 
and latitude are zero as described: 


"Midday Lanka is the same that at Ujjaini which is north 
of Lanka on the same longitude. But day time duration is different 
except when the Sun is in equator" (Panchasiddhantika 13.17) 


More information is given on Lanka by Varahamihira, 
From this the concept of equator also becomes very clear as itis 
defined now: The position of Lanka is very close to the equator, 
Here the globe is exactly equal on either sides. 30 natika day and 
30 natika night are possible here. (Panchasiddhantika 12-29) 


metadata yah: wae 
Lankottharatho avanthi bbuparidhe panchadasabhaage 


Avanti isto the north of Lanka at adistance of one fifteenth 
of the circumference of earth (Brahmasphuta and siddhantha 21.9) 


1/15 th of 360° is 24° which is close to the longitude of 
Ujjaini (modern value 23° 9’), 

When the position of a city is located with reference to 
another on the basis of meridian, the knowledge of latitude and 
longitude should be very sharp. Hence the usage, as one fifteenth 
north to Lanka, might have been estimated only on the basis of 
the celestial bodies. That calculation was, done accurately, 
Drawing the prime meridian line is literally explained by 
Sankaranarayana in his commentary to Laghubhaskareeyam, A 
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umber of towns which fall in the prime meridian has also been 
cited by him. 


fam a Treen ea 


Lankaayaamekam sankukeelam prathishtaapya thenaikam 
soothraagram baddbuaa punarmerorupari thadagramanyath 
baddlvuda yathaayathaa drusyathe thadvath bhoomaavapi 
paachidrekba lankaatha: kharapuratha... merumasthakaana' 
sthithea saa punarathra-desaanthara vidhaayini syaath 


Fix a pole in Lanka, tie a thread on that, take the other end 
to the North pole, tie it there also, then one can see the line of 
thethread passing through Lanka, Khara city, Kharapuri... and 
so many other countries upto the top of Meru. This is the 
international meridian line (Sankaranarayana on 
Laghubhaskareeya I - 23) . 


He has mentioned the importance of this line. Countries 


| on ither side of this line is marked as east or west, depending on 


where they are situated with respect to this meridian. At present 
explanations are given in longitudinal degree E or W, marked 
whether they are east or west of Greenwich international line. 
Exactly similar explanation has been given by Sankaranaryana: 
arent wavarm: or ference viraty feritethe eer 
Yrerearta tart Radteirgrcar | 


Athedaaneem samarekhaayaa: poorvena sthitho abamathavaa 
paschimena sthithoahamithi pooravmatha punasthasyaameva 
rekhaayaam sthithobamithyukthavaan. 


When comparing with the meridian, people say that I am 
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standing on the east of it or west of it, Some people can also say 
that Iam standing on the line, (Sankaranaryana in 
Laghubhaskareeyam 1-29) 


wem: Pofraaferenat eaten Tarrio: Uacerortr | 
Thasyaa; poorvapaschimadiksthaanaam svadesaa 
rekhaantharayojanai: ethath karthavyameva 


This (meridian) has east and west. On either sides of the 
line, countries are marked based on this meridian, and the distance 
in yojana, that is the way for finding the longitude 
(Gankaranarayana in Laghybhaskareeya 1-23) 


Cities on Meridian: Cities which fall on the meridian line were 
cited in Laghubhaskareeya. It is interesting to note that names 
of more cities situated on this line are given by Bhaskaracharya I 
in Mahabhaskareeya (2-12). 


weet: ae fadtete worel fafeage wet aif 


from arnt trees caren aera a Ag: 
sare: aufafie, meaty vitaaat 7 feet a: 


Lankaatha kharanagaram sithodageham paanaato mishitha puri 
thathaa thaparnee utthunga sithavara naamadheya sailo lakshmee 
vathapuramapi vatsyaguthma samjnam vikhyaathaa vananagaree 
thathaakyavanthee sthaaneso muditha janasthathaa cha meru: 
adbvaakhya: karana vidhisthu madhyamaanaametheshu 
prathivasathaam na vidhyathe sa: 


From Lanka towards north on the meridian line we have 
the following places, Kharanagara, Sitorugheha, Panata, 
Misithapuri, Taparni, the lofty mountain called Sitavara, the 
wealthy town called VatSyagulma, the well known Vananagari, 
Avanti, Sthanesa and then Meru which is inhabited by happy 
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people, for those who reside there correction of longitude does 
not matter. 


"The same lines are also repeated with minor modifications 
by Lallacharya, Vateswara and Sripathy. The in-depth knowledge 
about the meridian and the places through which the meridian 

has been accurately defined. Another important point given 
ke that, for the north pole there, cannot be any longitudinal 
definition or correction. In the above line Bhaskaracharya has 
mentioned this information also. 


Latitude and lines of latitudes: Parallel to the equator, lines are 
drawn towards the north and south pole. It is noted in degree 
north for lines drawn above the equator, and degree south for 
lines drawn below the equator. Cities and places are located based 
on latitude and longitude. Just as Greenwich line is taken as the 
standard of reference now, in ancient India, Ujjaini line was used 
asthe meridian for the reference to longitudes. Similarly latitude 
are also explained: 
+ fates ri at ! 
Pooraaparaadiglagnam kshithijaadakshaagrayoscha lagnam yath 

‘The circle which passes through the east and the west points 
and meets at distances equal to latitudes from the 
horizon.....(Aryabhateeyam 4-19a) 

‘There are circular imaginary lines drawn from east to west. 
Each line has been referred in degrees. Above the equator its 
parallel lines are drawn with total angular space of 90°. Similarly 
below the equator, to south pole also, are divided into 90° latitude 
lines. In a globe it is clearly marked. Marking in the globe has 
been described: The latitude lines are marked in degrees on the 
spherical surface of golayantra (globe) (Brahmasphuta siddhanta 
21-50- quoted earlier) 

In ancient India, the line passing through Lanka was also 
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taken as the reference for the latitude, where the equator meets 
the meridian. At this point both longitude and latitude are zero. 
Lallacharya says thus: 


Teeqe Haat yal ap WEG AT Ta At 
wa wad a feaafre: 
Lankaavruthe madhyasthithe bhuvo yathkujam thaduddvruthham 
thena na thathra charadalam sadaa samathvam cha divasaniso: 
Along the latitude in Lanka, the line passes through the 
middle of the earth here the day and night can be equal. (Sidhyadhi 
vruddhi Tantra 16-12) 


Vateswara has given exactly the measurement of latitude 
for some places and also the importance of those places: 


aermren fem at geveya vat | 
serra wae fereerart wet aT 1 
Akshasravanaabhyasthaa thrijya vaa duaadaso ddbruthaa bhavathi 
ayanaanthage ravaaviha dinadala bhanow dasapure cha 

But here at Anandapura and also at Dasapura, when the 
Sun is at the summer solstice, the same dhruti of the Sun of the 
midday is equal to the radius multiplied by the Palakarna and 

divided by 12. (Vateswara siddhanta 3 (9)-48) 


Dasapura is the modern Mandasor in Madhyapradesh 
whose latitude is 24° 03 i.e equal to the declination of the earth. 
Vateswara could locate a city whose latitude is exactly equal to 
the declination of the earth. It is a proof of the efficiency of 
astronomical calculation and knowledge. 


Calculation of latitude of places: Vateswara has given the 
following method for the calculation of latitude by connecting 
other parameters of the place. 
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Tere fearet weg seaTaaTy 
vestareratta a: 


Palabhaarkavargagunithow thrijyaavargow palasravana 
bnuthyaa boakthaavavaaptha moole palayeevaalmbagece stha: 

Multiply the square of radius by the square of the palabha 
(palabha is the equinoctial midday shadow) and by the square of 
12 and divide each product by the square of Palakarna 
(hypotenuse of the equinoctial midday shadow). Square root of 
the resulting quotients are the Rsine of the latitude and Rsine of 
the colatitude. (Vateswara siddhanta 3(2)-1) 

Vateswara has described twenty methods for the 
determination of latitude and colatitude of places using various 
parameters. 

In Mahabhaskareeya, Bhaskara I has given mathematical 
problems for the calculation of latitude from other parameters. 


crert frorrisart wet ferred ea 
serait az afer cata afed fra 1 


Bhaskave mithunaparyavasaane sarvaree thriguna 
sapthaghatee syaath akshachaapaganitham 
vada thasmin lambakena sahitham viganya 

‘The Sun being at the end of the sign Gemini, the length of 

the night is 21 ghatis calculate and give out the latitude and 

colatitude of the place. (Assuming that the obliquity of the ecliptic 

25 254°, (The latitude comes to 61° 45’) (Mahabhaskareeya 8-25) 

Parallax in latitude : Whenever celestial bodies have been located 

based on the latitude, parallax exists. This is known as the nati in 

ancient Indian astronomy. The condition for parallax has been 
described by Vateswara: 
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fateaarssierntaret 4 wat fe weifartaiag, 
Vithribha kraanthi bhavaamsaganairyadaa 
aksho na samo bi thadaa avanathirbbaveth 


‘When the local latitudes are not equal to the degrees ofthe 
northern declination ofthe central ecliptic point, only then nat, 
ie parallax in latitude, exists. (Vateswara Siddhanta 5(1)-4 


The Parallax in latitude can be calculated as follows: 


nent fafteeredt gt memes 11 
Madhyamou kshithidalaahathow hruthow 
madhyamasravanayojanairnathee 

Multiply mean drukshepa (Rsine of the Zenith distance of 
central ecliptic point) of the Sun and Moon by the earth's semi 
diameter and divide by their own mean distances is yojanas. Then 
are obtained the parallaxes in latitude (Vateswara Siddhanta (5(2)-5) 

The Parallax in latitude can be calculated from the above 
eqaution for the Sun or the Moon. Another method given by 
him related with motions of these celestial bodies: 


wenyfrrnfsdt (a at) sect fafa afeat 


The Rsine of the zenith distance of the meridian ecliptic 
Point multiplied by 21 and by the difference of the true motion t 
ofthe Sun and Moon and divided by the difference of their mean 
motion and the radius gives the parallax in latitude (Sishyadh 
vruddhi Tantra 7-8) 


Sankvarga an astronomical observation and the latitude: 
Sankvarga of a heavenly body is the distance of the projections 
ofthe body on the plane of the horizon from its rising and setting 
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re 


line Its relation with latitude is given by Bhaskaracharya I 


aanicred: wegen: | 
safe creas wera freaefirot 11 
Akshajeevaahatha: sankurishtakaalasamudbhava: 
bhaajitho lambakenaatha sankvagram nithyadakshinam 


R sine of the altitude for a desired time multiplied by the 

Reine of the latitude and divided by Rsine of the colatitude is the 
Sankvarga. This projection accordingly is always south of the 
rising setting line. (Mahabhaskareeya 3-54) 
Calculation of distance of the place from Meridian using latitude: 
Methods were well known to calculate the distance of the place 
from meridian. The circumference of the earth has been calculated 
3s 3300 yojanas and total degree 360, for calculation. 


retarted errermeafent fbr ator | 
maaan wort fest, are: 1 
repirer mag zioamt vey Frommer ea | 
ORR garni 1 
Kumadhyarekhaa vishayam svapatthanaadavasthitham 
thinyagarvethya yojanam suakeeya thathra thya palaamsakaantharam 
khakbaraamaghnam vibbajeth ghashadgunai: palakruthi ratha 
yaavadvargatho yojanaanaam padamrujnijadhaamakshmaardha 
yorantharamn syaath grabagathibathamethath spashta boovruthha 
bhaktham dhanamruna maparaindrayorlipthikaardi kshamaardbaath 


Ascertain the shortest distance in yojanas between a place 
on the meridian line and the observer's station. Multiply the 
degrees in the difference of latitudes of these two places by 3300 
and divide by 360. Square the result, subtract it from the square 
of yojana. Find the square root. This is the distance between the 
meridian lines passing through the two places. Multiply it by the 


295 


Scanned with CamScanner 


mean daily motion of a planet and divide by the correct 
circumference of the earth. The result in minutes should be added 
(Co the longitude) for places to the west of the meridian line of 
Lanka and subtracted for places to the east. (Sishyadhi vruddhi 
Tantra 1-44, 45) 


Correction for longitude : Manjulacharya gives the corrections 
for longitude of places with reference to the prime meridian 
passing through Avanti: 


Tenerrereeiet eat ferarerf rt 1 
Avanthee samayaamyodagrekha poorvaaparaadvanaa 
grahagathyamsashathtyamso hatho lipthaasvarunam dhanam 


By the distance in yojanas of the local place, east or west of 
the meridian of Avanti, multiply the 60th part of the degrees ot 
the planet's daily motion; subtract the resulting minutes from or 
add them to the longitude of the planet (according to the place is 
east/west of meridian of Avanti (Laghumanasa 4-3) 


Le Longitude correction = + or -. D x m/60 min. D = 
distance in yojanas from Avanti, m = planets daily motion in 
degrees, 

‘The circumference of the earth is taken here as 3600 yojanas 
by Manjulacharya. (However other astronomers have correctly 
mentioned that the circumference of the earth is 3300 yojanas), 
Addition or subtration is to be done depending upon, the place 
isin the east or west of the meridian. Even though the calculation 
method is correct, the circumference of the earth was wrongly 
taken as 3600 yojanas. 


Bhaskaracharya has mentioned that by knowing the degree 
values of latitude and longitude one can easily find out the distance 
of the place. Same methodology is adopted now. 
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arate eearEgp ai st Pega | 
Samarekha svadesaaksha visleshanthara sangunam vruttham 
swadesajo bhumerbaahuscha kraamsakoddbrutham 

The line drawn parallel (same rekha) to the longitude/ 
latitude in any country (my country - swadesha) and finding the 
difference from the meridian (angle) and doing the calculation, 
‘one can find out the distance between places on earth. And 
extrapolating this, one can get the celestial body positions in the 
sky also. (Laghubhaskareeyam 1-25) 

Sankaranarayana further clarifies the above statement in 
his commentary: 


ata worrying wear | 
seararorrer Ts] eateroreer ferred seat at ferete 
a wate water weerefrcanirent | 
Samarekhaayaars kharanagara prabbruthishu nagareshoekasmin 
aksha pramaanamavagamya svadesajaakshena vislesham kruthva 
‘yo visesha sa thaavadiha samarekha svadesaaksha 
: # 


By knowing the longitude of a place and by comparing it 
with Khara Nagara, or any country that falls in the meri 
and by subtracting it, one can get the parallel line for calculating 
the difference in longitude of any country (Sankaranarayana's 
commentary to Laghubhaskareeyam 1-25) 
Bhaskaracharya puts forth methods to calculate the 
longitudes and latitudes of the place from other parameters: 
asta: tenfeftrsa: vera vaca 1 
vraiAfageien wary are: afaat THe: 11 
Ashtow lavaa: shodasalipthikonaa: palapramaanam 
pravadanthi yasmin cchayaadinardbe ardhachathurtha 
sankbyaa thathraasu vaachya: savitha nabbastha: 
237 
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Quickly say the longitude, and the meridian Sun for the 
place where the latitudes stated to be 8° Minus 16'NN (,¢7°44*) 
and midday shadow of the gnomon, 3 and 1.5 anguls, 
(Mahabhaskareeya 8-8) 


The method of calculating the longitude has also been 
worked out by Bhaskara I. through a mathematical problem, 


Sooryaachandramasow thulaadbaragathow dbrushto mayaa 
thathoatho bbaagai Dhirdayena dua yathow sooryesya vaarodaye 
lithaabbi: asi soonya saagara yuthow jeevasya vaare puna: 
sukrasyaatha sanaischarasya aivase thulyow kiyadbhirdinai: 

‘The Sun and the Moon on aSunday at sunrise are carefully 
seen by me in Libra. The degrees of their longitude are 12 and 2 
respectively ...... After how many days will they assume the 
same longitude again at Sunrise on a Thursday and Saturday, 
respectively? (Mahabhakareeya 8.21,22) 
Terrestrial longitude : Lallacharya has defined terrestrial 
longitude directly: 


wR cesar feraemagtaterty qerr: | 
wart watered aaa tema anf Sepa: 11 
Kramena lankojjayinee bimaachala prabadrekhaa 
vishaesbu madhyamaa: bhavanthi poorvaaparaa patthanesluamee 
thathascha deranthara karma samkruthaa: 

‘The mean longitude of planets calculated are for places on 
the meridian passing through Lanka, Ujjaini and Himalayas. 
When to these longitudes are applied, correction for difference 
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in terrestrial longitude, the results are longitudes for places east 
or west of the meridian (Sishyadhi vruddhi Tantra 1-42) 


Mean longitude calculation: Bhaskaracharya gives the methods 
for the calculation of mean longitude of planets: 


Kaleekrutham sasamam divaakaram saagetbikokthair boaganai: 
samabatham bhajetha varshairyuga 
sankhyayodithairvibankamaanaam pravadanthi lipthikaa: 

Reduce the Sun's mean longitude together with the years 
elapsed to minutes of arc; Multiply this by the planets own 
revolution number as said in Gitika pada of Aryabhateeya and 
divide the product with the number of solar years in a Yuga. 
The result is the planet's mean longitude in terms of minutes 
(Mahabhaskareeya 1-9). 

‘The longitude at a particular time was known and the arc 
through which the planet has revolved, after a certain period 
and the number of revolution in a Yuga are correlated to get the 
new position of the planet. This procedure is just like calculating 
the position based on the starting point, velocity and time 
duration as followed in modern astronomy. 


Calculation of time and its relation with longitude: Time at 
any place is directly connected with the longitude of that place. 
This approach is followed in the calculation of time, with 
reference to Greenwich line. A series of methodology for the 
calculation of the longitude and time from other parameters have 
been discussed in astronomical books. Varahamihira in 
Panchasiddhantika gives this explanation: 


TAT Wea: Rafat HaTgrA: 
anoeat fafa area sent i 
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Yananaantheraiaa naadya:sapthaavanthyaam 
thribhaga samyukthaa: vaaraanasyaamn thrikrathi 
saadbanamanyathra vakshyaami 

Correction to the time of longitude in Yavanapura to get 
time of longitude of Ujjainiis seven nadikas, and ewenty vinadikas 
and that of Banarasiis nine Vinadikas. How to find the correction 
for longitudes with this? (Panchasiddhantika 3-13) 

Ieis inportant to note that the longitude of a foreign city 
Yavanapura (present Alexandria) is given here. Modern value is 
in agreement with this. Here, based on the time given for Ujjaini, 
the longitude and time for Alexandria are to be calculated, 

The east of Greenwich longitude of Yavanapura, Ujjaini 

and Banaras are 30°,75° 50’ and 83°. The time differes equivalent 
in nadi for Ujjaini would be (75° 50’ - 30%) 1/6 = 7.38, whereas 
Varahamibhira has given the value 720, Similarly for Banaras (83°. 
30%), x 1/6 = 8°8’ where as Varahamihira has given 9.0. The 
level of accuracy is very high for even a place which is outside 
Indian continent and about $500 km from Ujjaini. 
Linear measurement of Yojana and longitude: Angular 
measurement is related with the longitude of the place. Correction 
of the measurements are given above. Here the longitude is 
connected through linear measurement: 


pinddaath svathaadithaa fyabyaath akshad 
vivarakruthi moolyaa: shatkoddhruthaa nada 


_ Take the distance in yojana between two places for which 
the line difference for longitude has to be found. Multiply this 
with 9 and divide by 80 (the result is their distance in degrees) 
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